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(54) PROJECTION ALIGNER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the abberation 
variation in a projection optical system, when the pattern 
of a rotationally asymmetric area on a reticle is 
transferred to a wafer through the projection optical 
system. 

SOLUTION: Light source sections 3A and 3B, which 
emit illuminating light rays IL2A and IL2B having such 
waveforms that do not sensitize a photoresist on a wafer, 
are provided separately from a light source section 1 for 
exposure. A rectangular area 18 on a reticle 4 is 
irradiated with the illuminating light IL1 from the light 
source section areas 17 and 19 on both sides of the area 
18 on the reticle 4 are irradiated with the illuminating light 
rays IL2A and IL2B from the light source sections 3A and 
3B. Therefore, the deviation of the distribution of irradiating energy made incident to the lens 
of a projection optical system 6 is reduced, and the aberration variation of the optical system 
PL due to the rotationally asymmetric thermal deformation, etc., of the lens becomes smaller. 
The light rays IL2a and IL2B can also be utilized as the illuminating light rays of alignment 
sensors 13A and 13B. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The predetermined pattern for an imprint formed in the mask is set in a predetermined circular 
exposure field symmetrical with rotation to the 1st point that the projection optics projected on a 
photosensitive substrate, and the optical axis of said projection optics and the exposed field of said 
photosensitive substrate cross, said 1st point — receiving — rotation — an unsymmetrical exposure 
lighting field - forming - rotation, in order to imprint an unsymmetrical mask pattern image on said 
photosensitive substrate the 2nd point that supply the 1st illumination light with the wavelength which 
exposes said photosensitive substrate, and the optical axis of said projection optics and the pattern side 
of said mask cross - receiving — the inside of the pattern side of said mask — rotation - with the 1st 
illumination system which forms an unsymmetrical exposure lighting field the 2nd illumination light 
which has nonphotosensitivity wavelength towards said photosensitive substrate through said projection 
optics supplying - said 1st illumination light -- following the inside of said predetermined circular 
exposure field - so that the whole may be illuminated mostly said rotation in the exposed field of said 
photosensitive substrate -- the projection aligner characterized by having the 2nd illumination system 
which forms the non-exposing lighting field which complements an unsymmetrical exposure lighting 
field in said predetermined circular exposure field. 

[Claim 2] The projection optics which projects the predetermined pattern for an imprint formed in the 
mask on a photosensitive substrate, The 1st light source section which supplies the 1st illumination light 
with the wavelength which exposes said photosensitive substrate, On the optical path between the 
synthetic system which compounds the 2nd light source section which supplies the 2nd illumination 
light which has nonphotosensitivity wavelength to said photosensitive substrate, and said 1st 
illumination light and said 2nd illumination light, and is led to said mask, and this synthetic system and 
said mask The field diaphragm arranged in the location which serves as conjugate substantially with the 
pattern side of said mask is prepared. Said field diaphragm It has the 1st transparency section which 
makes said 1 st illumination light penetrate, and the 2nd transparency section which makes said 2nd 
illumination light penetrate. Said 1st transparency section It sets in a predetermined circular field 
symmetrical with rotation to the predetermined point that the optical axis of said projection optics and 
the pattern side of said mask cross. They are the 1st field as an unsymmetrical exposure lighting field, 
and conjugation, said predetermined point -- receiving rotation - said 2nd transparency field the 
inside of a predetermined circular field symmetrical with said rotation by being accompanied by said 1st 
illumination light - the whole is illuminated mostly - as -- said rotation - the projection aligner 
characterized by being the 2nd field as an exposed lighting field and conjugation which complement the 
1st unsymmetrical field. 

[Claim 3] The projection aligner characterized by to have the mark location detection system which 
detects in photoelectricity the light from at least one side of the mask mark on said mask which is a 
projection aligner claim 1 or given in two, and is located in the field which said 2nd illumination light 
illuminates, and the substrate mark on said photosensitive substrate located in the field which said 2nd 
illumination light illuminates, and detects the location of one [ at least ] mark of both marks. 
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[Claim 4] It is the projection aligner [claim 5] characterized by being a projection aligner claims 1 and 2 
or given in three, and a predetermined circular exposure field symmetrical with said rotation, or a 
predetermined circular field symmetrical with said rotation and the field on said photosensitive substrate 
[****] being in agreement with the visual field by the side of said photosensitive substrate of said 
projection optics. The projection optics which projects the predetermined pattern for an imprint formed 
in the mask on a photosensitive substrate, The illumination-light study system which illuminates said 
mask by the illumination light with the wavelength which exposes said photosensitive substrate, Said 
illumination light which has been arranged between said projection optics and said photosensitive 
substrates, prepared the optical limit member with the predetermined light transmission section, and 
passed the light transmission section of this optical limit member the predetermined point that the 
optical axis of said projection optics and the exposed field of said photosensitive substrate cross — 
receiving the inside of a predetermined circular exposure field symmetrical with rotation - setting - 
said predetermined point - receiving - rotation - the projection aligner characterized by carrying out 
incidence to an unsymmetrical field. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention For example, a semiconductor device, a liquid crystal display 
component, an image sensor (CCD etc.), Or it is related with the projection aligner used in order to 
expose the pattern on a mask on a photosensitive substrate at the photolithography process for 
manufacturing the thin film magnetic head etc. rotation especially like the shape of a slit in the pattern 
for the imprint on a mask - the pattern of an unsymmetrical field in the condition of having projected on 
the substrate A mask and a substrate are applied to the projection aligner of scan exposure molds, such 
as step - exposed by carrying out a synchronous scan to projection optics, and - scanning method, and it 
is suitable. 
[0002] 

[Description of the Prior Art] In order to manufacture a semiconductor device etc. conventionally, the 
projection aligner of one-shot exposure molds, such as a stepper who exposes on the wafers (or glass 
plate etc.) on the reticles (or photo mask etc.) as a mask with which the pattern in a square-like lighting 
field was mostly applied to the photoresist as a photosensitive substrate through projection optics, has 
been used abundantly. On the other hand, since it corresponds to enlargement of chip patterns, such as a 
semiconductor device, recently, imprinting the pattern of the reticle of a bigger area to each shot field on 
a wafer is called for. However, the design and manufacture of projection optics which controlled 
aberration, such as distortion and a curvature of field, below to the predetermined allowed value all over 
the large effective exposure field (visual field) are difficult. 

[0003] Therefore, recently, the projection aligner of scan exposure molds, such as step - which exposes 
the pattern of a reticle serially to each shot field on a wafer, and - scanning method, attracts attention, 
carrying out the synchronous scan of a reticle and the wafer to projection optics, where the pattern in the 
lighting field of the shape of the rectangle on a reticle or a slit of circular ** is projected on a wafer 
through projection optics. It can make the most of the diameter of the effective exposure field of 
projection optics, and also since this scan exposure type of projection aligner can do the die length of the 
imprint pattern to a scanning direction for a long time than the diameter of that effective exposure field, 
it can imprint the pattern of the reticle of a large area on a wafer by small aberration as a result. 
[0004] 

[Problem(s) to be Solved by the Invention] Generally in a projection aligner, the illumination light 
which has high energy to the lens of projection optics is irradiated on the occasion of exposure. 
Therefore, when the illumination light is irradiated in the condition with rotation asymmetry about an 
optical axis on a lens, and the temperature distribution of a lens change with the heat of absorption of 
exposure energy, refractive-index distribution of** material is changed [ even if the absorption 
coefficient of the exposure energy of the ** material which constitutes the lens of projection optics is 
about 0.2%/cm slightly, ] to rotation asymmetry by the temperature rise with a lens partial in carrying 
out heat deformation to rotation asymmetry. Aberration fluctuation of the projection optics by the 
exposure of the illumination light of uneven illumination distribution which has rotation asymmetry 
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which this says that the aberration of projection optics gets worse gradually arises. Such aberration 
fluctuation has been in the condition that it cannot admit, under the conditions as which a high 
resolution and high exposure precision like today is required. 

[0005] Conventionally, to fluctuation of the aberration of such projection optics, it has been coped with 
by controlling the pressure of the gas which divides projection optics into three blocks, seals each block, 
and touches the lens within each block. By this approach, in the case of the one-shot exposure mold 
which uses a square lighting field mostly, since extent of rotation asymmetry of that lighting field is low, 
aberration fluctuation has fully been amended, as [ say / however, / like the projection aligner of a scan 
exposure mold / that the lighting field on a reticle is made into the shape of a rectangle or a slit of 
circular ** ] - remarkable — an optical axis — being related — rotation — when using an unsymmetrical 
lighting field, even if it performed such atmospheric-pressure control, a possibility that fluctuation of 
aberration, such as distortion and a curvature of field, might not be settled within an allowed value came 
out. When especially rotation asymmetry is remarkable, there is also un-arranging [ that the astigmatism 
that the best image surface of the pattern of the meridional direction and the best image surface of the 
pattern of a direction perpendicular to it separate in the direction of an optical axis at the core of the 
exposure field of projection optics arises ]. 

[0006] this invention - this point - taking an example - the rotation on a reticle - when imprinting the 
pattern of an unsymmetrical field on a wafer through projection optics, it aims at offering a projection 
aligner with little aberration fluctuation of projection optics. 
[0007] 

[Means for Solving the Problem] The 1st projection aligner by this invention For example, the 
projection optics which projects the predetermined pattern for an imprint formed in the mask (4) on a 
photosensitive substrate (7) as shown in drawing 1 (6), It sets in a predetermined circular exposure field 
(20) symmetrical with rotation to the 1st point (PI) that the optical axis (AX) and the exposed field of a 
photosensitive substrate (7) of the projection optics cross, the 1st point (PI) - receiving — rotation — an 
unsymmetrical exposure lighting field (21) — forming — rotation, in order to imprint an unsymmetrical 
mask pattern image on the photosensitive substrate (7) The 1st illumination light (IL1) with the 
wavelength which exposes the photosensitive substrate (7) is supplied, the 2nd point (P2) that the optical 
axis and the pattern side of a mask (4) of the projection optics (6) cross — receiving — the inside of the 
pattern side of the mask (4) - rotation — with the 1st illumination system (12) which forms an 
unsymmetrical exposure lighting field (18) The 2nd illumination light (IL2A, IL2B) which has 
nonphotosensitivity wavelength towards the photosensitive substrate (7) through the projection optics 
(6) is supplied, the 1st illumination light (IL1) - following - the inside of the predetermined circular 
exposure field (20) — so that the whole may be illuminated mostly the rotation in the exposed field of 
the photosensitive substrate (7) - it has the 2nd illumination system (3 A, 3B, 9A, 9B, 16 A, 16B) which 
forms the non-exposing lighting field (22 23) which complements an unsymmetrical exposure lighting 
field (21) in the predetermined circular exposure field (20). 

[0008] In this case, a certain extent needs to be absorbed by the ** material of the lens with which that 
2nd illumination light (IL2A, IL2B) constitutes projection optics (6). However, it may be absorbed by 
the coating film of a lens instead of being absorbed by the ** material of a lens. According to the 1st 
projection aligner of this this invention, irradiate on a photosensitive substrate (7) like [ the 2nd 
illumination light (IL2A, IL2B) ] the 1st illumination light (IL1), but Since the 2nd illumination light 
(IL2A, IL2B) is nonphotosensitivity to a photosensitive substrate (7), the rotation on the mask (4) 
illuminated by the 1st illumination light (IL1) - the image of the, pattern of an unsymmetrical exposure 
lighting field (18) « the rotation on a photosensitive substrate (7) — an unsymmetrical exposure lighting 
field (21) imprints, moreover, the rotation on a photosensitive substrate (7) ~ in order to illuminate the 
exposed field (22 23) which complements an unsymmetrical exposure lighting field (21) and forms a 
circular exposure field (20) symmetrical with rotation by the 2nd illumination light (IL2A, IL2B), the 
symmetry-of-revolution nature of the exposure energy distribution to the lens of projection optics (6) 
increases it. therefore, rotation of the lens of projection optics (6) - unsymmetrical heat deformation — 
decreasing - rotation -- in order that unsymmetrical refractive-index distribution may also decrease, 
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fluctuation of the aberration of projection optics (6) decreases. 

[0009] Moreover, as the 2nd projection aligner by this invention is shown in drawin g 2 The projection 
optics which projects the predetermined pattern for an imprint formed in the mask (4) on a 
photosensitive substrate (7) (6), The 1st light source section which supplies the 1st illumination light 
(IL1) with the wavelength which exposes the photosensitive substrate (7) (1 41), The 2nd light source 
section which supplies the 2nd illumination light (IL2A) which has nonphotosensitivity wavelength to 
the photosensitive substrate (7) (3A, 47), On the optical path between the synthetic system (42, 44, 46) 
which compounds that 1st illumination light (IL1) and its 2nd illumination light (IL2A), and is led to 
that mask (4), this synthetic system, and its mask (4) The field diaphragm (48) arranged in the location 
which serves as conjugate substantially with the pattern side of the mask (4) is prepared. The field 
diaphragm (48) It has the 1st transparency section (50) which makes the 1st illumination light (IL1) 
penetrate, and the 2nd transparency section (49 51) which makes the 2nd illumination light (IL2A) 
penetrate. The 1st transparency section (50) It sets in a predetermined circular field (48) symmetrical 
with rotation to the predetermined point that the optical axis (AX) and the pattern side of a mask (4) of 
the projection optics (6) cross. They are the 1st field (50) as an unsymmetrical exposure lighting field, 
and conjugation, the predetermined point - receiving - rotation - the 2nd transparency field (49 51) the 
inside of a predetermined circular field (48) symmetrical with the rotation by being accompanied by the 
1st illumination light (IL1) - the whole is illuminated mostly ~ as - the rotation — it is the 2nd field (49 
51) as an exposed lighting field and conjugation which complement the 1st unsymmetrical field (50). 
[0010] According to the 2nd projection aligner of this this invention, the 1st and 2nd illumination light 
(IL1, IL2A) once compounded by the synthetic system (42, 44, 46) by the field diaphragm (48) the 
rotation on a mask (4) - an unsymmetrical exposed lighting field (50) and its rotation - pass through a 
field the exposed lighting field (49 51) which complements an unsymmetrical exposed lighting field, 
and pass projection optics (6) - it irradiates on a photosensitive substrate (7). in this case, the 1st 
illumination light (IL1) - a field diaphragm (48) -- rotation of a mask (4) in order to pass the 1st field 
(50) as an unsymmetrical exposed lighting field, and the 1st transparency section [ **** ] (50), on a 
photosensitive substrate (7), only the image of the pattern of that 1st field (50) on that mask (4) is 
imprinted. 

[001 1] On the other hand, the 1st illumination light (IL1) which penetrates the 1st field (50) on a mask 
(4), and the 2nd illumination light (IL2A) which penetrates the 2nd field (49 51) on the mask (4) which 
complements the 1st field and forms a circular field (48) symmetrical with rotation substantially carry 
out incidence to projection optics (6). Since the exposure field of the 1st and 2nd whole illumination 
light (IL1, IL2A) turns into a circular field symmetrical with rotation substantially, the symmetry-of- 
revolution nature of the exposure energy distribution to the lens of projection optics (6) increases it like 
the 1st projection aligner of this invention. Therefore, aberration fluctuation of projection optics (6) 
decreases. Moreover, in this invention, the optical system for specifying the visual field on rotation the 
optical system for specifying the visual field of the 1st illumination light (IL1) irradiated by the 
unsymmetrical exposed lighting field and the mask (4) of the 2nd illumination light (IL2A) on a mask 
(4) becomes unnecessary. 

[0012] Moreover, it sets to the 1st and 2nd projection aligners of this invention. The light from at least 
one side of the mask mark (1 1 A, 1 IB) on the mask (4) located in the field which the 2nd illumination 
light (IL2A) illuminates, and the substrate mark (12A, 12B) on the photosensitive substrate (7) located 
in the field which the 2nd illumination light (IL2A) illuminates It is desirable to have the mark location 
detection system (13A, 13B) which detects in photoelectricity and detects the location of one [ at least ] 
mark of both marks. Thereby, the 2nd illumination light (IL2A) can be effectively used as illumination 
light for the mark location detection systems (13 A, 13B) for detecting the location of a mask (4) or a 
photosensitive substrate (7). 

[0013] Moreover, as for a predetermined circular exposure field (20) symmetrical with the rotation, or a 
predetermined circular field (48) symmetrical with the rotation and the field on the photosensitive 
substrate [****] (7), it is desirable that it is in agreement with the visual field by the side of the 
photosensitive substrate (7) of the projection optics (6). Thereby, since the lens of projection optics (6) 
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is mostly illuminated by the circular lighting field of an overall diameter by the symmetry of revolution, 
distribution of the exposure energy to a lens becomes the symmetry of revolution further. 
[0014] Moreover, as the 3rd projection aligner by this invention is shown in drawing 8 The projection 
optics which projects the predetermined pattern for an imprint formed in the mask (4) on a 
photosensitive substrate (7) (6), The illumination-light study system which illuminates the mask (4) by 
the illumination light (IL1) with the wavelength which exposes the photosensitive substrate (7) (1 A, 41), 
The optical limit member which is arranged between the projection optics (6) and its photosensitive 
substrate (7), and has the predetermined light transmission section (73) (71), That illumination light 
(IL1) that passed the light transmission section (73) of ****** and this optical limit member the 
predetermined point that the optical axis (AX) and the exposed field of a photosensitive substrate (7) of 
the projection optics (6) cross — receiving - the inside of a predetermined circular exposure field (71) 
symmetrical with rotation ~ setting — the predetermined point — receiving — rotation incidence is 
carried out to an unsymmetrical field (73). 

[0015] the light limit member (71) after the photosensitive illumination light (IL1) passes through a 
mask (4) and a field symmetrical with rotation of projection optics (6) to a photosensitive substrate (6) 
according to the 3rd projection aligner of this this invention the rotation on a mask (4) » it passes only 
through the field corresponding to an unsymmetrical field, and irradiates on a photosensitive substrate 
(7). therefore, the rotation on a mask (4) — only the image of the unsymmetrical pattern of a field is 
imprinted on a photosensitive substrate (7). Moreover, in order to illuminate a field symmetrical with the 
rotation on a mask (4) by the illumination light (IL1), like the 1st and 2nd projection aligners of this 
invention, the symmetry-of-revolution nature of the exposure energy distribution to the lens of 
projection optics (6) increases, and aberration fluctuation of projection optics (6) decreases. Especially 
in this invention, in order to illuminate a mask (4) only by one illumination light (IL1), the light energy 
of uniform wavelength is irradiated by the whole lens of projection optics (6). therefore, the absorbed 
amount of the heat energy in these lenses — uniform — becoming — rotation of a lens — unsymmetrical 
heat deformation decreases further and generating of the aberration of projection optics (6) is also 
suppressed further. Moreover, since only one illumination light (IL1) is used, a facility of the light 
source, an illumination-light study system, etc. can be saved. 
[0016] 

[Embodiment of the Invention] Hereafter, with reference to drawing 1 , it explains per 1 st example of 
the gestalt of operation of the projection aligner of this invention. This example applies this invention to 
the projection aligner of step - and - scanning method. As drawing 1 (a) shows the outline configuration 
of the projection aligner of this example and shows it to this drawing 1 (a), the three light source 
sections 1, 3 A, and 3B which illuminate the pattern space on a reticle 4 are formed in this example. At 
the time of exposure, from the light source section 1, the illumination light IL 1 of the photosensitive 
wavelength lambda 1 is injected by the photoresist applied on the wafer 7, and illumination-light IL2A 
of the nonphotosensitivity wavelength lambda 2 and IL2B are injected by the photoresist of a wafer 7 
from the light source sections 3A and 3B. The light source section 1 is constituted including the field 
diaphragm which specifies the fly eye lens for making illuminance distribution on the exposure light 
source and a reticle 4 into homogeneity, and the lighting field on a reticle 4, and the illumination light IL 
1 injected from the light source section 1 is irradiated through the illumination-light study system 2 by 
the non-scanning direction on a reticle 4 to the lighting field 18 (refer to drawing 1 (b)) of a long 
rectangle. It imprints for the projection scale factor beta (beta is 1/4, or 1 / 5 grades) on the wafer 7 with 
which the photoresist was applied for the image of the pattern in the lighting field 18 of the rectangle of 
a reticle 4 through projection optics 6 under the illumination light IL 1. The Z-axis is taken in parallel 
with the optical axis AX of projection optics 6 hereafter, and a Y-axis is taken and explained to the 
space of drawing 1 (a) in a two-dimensional flat surface perpendicular to the Z-axis at right angles to the 
space of the X-axis and drawing 1 (a) in parallel. In this example, the reticle 4 at the time of scan 
exposure and the scanning direction of a wafer 7 are the directions of X. 

[0017] On the other hand, the light source sections 3 A and 3B of a non-exposing light are constituted 
including the field diaphragm which specifies the fly eye lens for making illuminance distribution on the 
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light source and a reticle 4 into homogeneity, respectively, and the lighting field on a reticle 4. And 
condensing lens 9 A is penetrated, it is caudad reflected by mirror 16A which has the slight transmission 
installed to the direction of incidence of illumination- light IL2A, and illumination- light IL2A of 
wavelength lambda 2 injected from light source section 3A arranged in the upper part of the direction of 
-X of a reticle 4 is condensed by the lighting field 17 (refer to drawing 1 (b)) on a reticle 4. Moreover, 
condensing lens 9B is penetrated, it is caudad reflected by mirror 16B which has the slight transmission 
installed to the direction of incidence of illumination-light IL2B, and illumination-light IL2B of 
wavelength lambda 2 injected from light source section 3B arranged in the upper part of the direction of 
+X of a reticle 4 is condensed by the lighting field 19 on a reticle 4. And illumination-light IL2A which 
penetrated the reticle 4, and IL2B are irradiated on a wafer 7 through projection optics 6. 
[0018] In this case, the lighting field 17 of illumination-light IL2A and the lighting field 19 of 
illumination-light IL2B are set up so that it may become a scanning direction to an outside field to the 
lighting field 18 of the rectangle on the reticle 4 of the illumination light IL 1, respectively. Although the 
wavelength lambda 2 of the wavelength lambda 1 of the illumination light IL 1 and illumination-light 
IL2A, and IL2B changes with the class of photoresist, and classes of** material of projection optics 6, 
in the usual case, wavelength lambda 1 chooses less than 530nm, and wavelength lambda 2 chooses the 
wavelength of 530nm or more. As illumination light IL 1 for exposure, the higher harmonic of excimer 
laser light, such as the bright lines, such as i line (wavelength of 365nm) and g line (wavelength of 
436nm), ArF excimer laser light (wavelength of 193nm), and KrF excimer laser light (wavelength of 
248nm), or the copper steamy laser beam of a mercury lamp, or YAG laser light etc. is used. 
[0019] moreover, rotation of as opposed to the ** material of projection optics 6 in illumination- light 
IL2A and IL2B - since it is used in order to suppress distribution of unsymmetrical exposure energy, 
the thing near the illumination light IL 1 as a whole has the desirable amount of light absorption per unit 
area in ** material or the coating film of a lens. It is the wavelength which does not expose a photoresist 
as illumination- light IL2A and an IL2B from the semantics, when the rate of the absorption of light is 
small, the optical reinforcement of the light source is strong, and what, on the other hand, has the biggest 
possible wavelength of the rate of light absorption to the ** material or coating film of a lens of 
projection optics 6 when the optical reinforcement of the light source is small is desirable. As a desirable 
example, the laser beam (wavelength of 633nm) from helium-Ne laser etc. is mentioned, for example. 
[0020] In addition, as ** material of projection optics, when a quartz, glass, etc. are used, since long 
wave length about 2 micrometers or more also has a remarkable rate of light absorption, these ** 
material may use HF chemical laser light (wavelength of 2.4-3.4 micrometers) using the chemical 
reaction of hydrogen fluoride (HF) gas etc. as illumination-light IL2A and an IL2B. moreover - the 
illumination light in which long wave length 530nm or more also has some which have a rate of light 
absorption near [ cm ] in 1% /, and has such a rate of light absorption near [ cm ] in 1% /since optical 
glass other than a quartz contains the impurity - rotation of exposure energy — as a cure of 
unsymmetrical distribution, it is effective enough. As an example of such illumination light, C line 
(wavelength of 656. 3nm) from the hydrogen (H2) discharge tube, d line (wavelength of 587. 6nm) from 
the helium (helium) discharge tube, etc. are mentioned. 

[0021] Next, the reticle 4 is laid on the reticle stage [ move / and / with constant speed / to a scanning 
direction (the direction of X) / it / freely ] 5 which can be moved slightly in the direction of X, and the 
direction of Y. The location of a reticle stage 5 is measured by the precision with the external laser 
interferometer (un-illustrating), and the location of a reticle stage 5 is controlled based on the measured 
value of the laser interferometer. Moreover, on the reticle 4, the reticle marks 1 1 A and 1 IB for 
alignment with a wafer 7 are formed. 

[0022] On the other hand, the wafer 7 is laid through the non-illustrated wafer holder on the wafer stage 
8 freely movable to a scanning direction (the direction of X) with constant speed. The wafer stage 8 is 
constituted so that stepping migration can also be performed in the direction of X, and the direction of 
Y, and the image of the pattern of a reticle 4 is serially imprinted by each shot field on a wafer 7 
according to step - and - scanning method which repeat the actuation which moves each shot field on a 
wafer 7 to the scan starting position to the exposure field of projection optics 6, and scan exposure 
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actuation. At the time of scan exposure, a reticle 4 is for example, the rate VR to the direction of +X (or 
the direction of -X). It synchronizes with being scanned and a wafer 7 is rate beta-VR to the direction of 
-X (or the direction of +X). (beta is a projection scale factor) It is scanned. Moreover, the wafer marks 
12A and 12B for alignment are formed in each shot field on a wafer 7. 

[0023] Next, exposure actuation of this example is explained. In this example, not only the lighting field 
of the shape of a slit on a reticle 4 but the other pattern space is illuminated at the time of scan exposure. 
That is, the illumination light IL 1, IL2A, and IL2B are injected from the three light source sections 1, 
3 A, and 3B, respectively at the same time scan exposure is started. Drawing 1 (b) shows the lighting 
field of the illumination light IL 1 on a reticle 4, IL2A, and IL2B, and the illumination light IL 1 from 
the light source section 1 is irradiated in this drawing 1 (b) by the rectangular lighting field 18 to which 
the points LI, L2, Nl, and N2 which touch the effective exposure field (visual field) of projection optics 
6 and the appearance of the circular effective lighting field [****] 14 were connected. In this case, the 
core P2 of the circular effective lighting field 1 4 is in agreement with an optical axis AX. On the other 
hand, illumination-light IL2A from light source section 3 A is irradiated by the lighting field 17 of the 
trapezoidal shape of a left outside from the boundary line which connected the points LI and Nl of the 
direction of -X of the lighting field 18. Moreover, illumination-light IL2B from light source section 3B 
is irradiated by the lighting field 19 of the trapezoidal shape of a right outside from the boundary line 
which connected the points L2 and N2 of the direction of +X of the lighting field 18. namely, the 
lighting fields 17 and 19 - rotation ~ it can be called the complement lighting field for complementing 
the lighting field 18 of an unsymmetrical rectangle and forming the lighting field near the circular 
effective lighting field 14. Both illumination-light IL2A which penetrated the illumination light IL 1 
which penetrated the lighting field 18, and the lighting fields 17 and 19, respectively, and IL2B 
penetrate projection optics 6, and are irradiated on a wafer 7. 

[0024] Drawing 1 (c) shows the lighting field on a wafer 7, and the photosensitive illumination light IL 
1 is irradiated to the exposure field 21 of a long rectangle in this drawing 1 (c) by the non-scanning 
direction (the direction of Y) inscribed in the periphery of the circular effective exposure field 20 which 
is in agreement with the effective exposure field (visual field) IR of projection optics 6 at the photoresist 
of a wafer 7. In this case, the core PI of the circular effective exposure field 20 is in agreement with an 
optical axis AX. And nonphotosensitivity illumination-light IL2A and IL2B are irradiated by the 
photoresist of a wafer 7, respectively to the lighting fields 22 and 23 which complement the exposure 
field 21 of the rectangle and form the lighting field near the circular effective exposure field 20. 
[0025] That is, since the field near the symmetry of revolution is illuminated on a reticle 4 at the time of 
scan exposure and the lens within projection optics 6 is also mostly illuminated by the symmetry of 
revolution, the absorption consistency of the energy of the illumination light in the ** material of a lens 
serves as distribution near the symmetry of revolution, therefore, rotation of the lens of projection optics 
6 -- unsymmetrical heat deformation etc. is suppressed and aberration fluctuation of projection optics 6 
is suppressed. In this case, in order to lessen that aberration fluctuation as much as possible, as for the 
sum total area of the lighting fields 17 and 19 on the reticle 4 by each illumination-light IL2A from the 
light source sections 3A and 3B, and IL2B, it is desirable that it is 1/2 or more [ of area other than 
lighting field 18 by the illumination light IL 1 in the effective lighting field 14 ]. 
[0026] Moreover, although illumination-light IL2A which penetrated the lighting fields 17 and 19 on a 
reticle 4, and IL2B are irradiated by the lighting fields 22 and 23 on a wafer 7, respectively, since 
illumination-light IL2A and IL2B are nonphotosensitivity at the photoresist on a wafer 7, on a wafer 7, 
only the image of the pattern in the lighting field 18 on a reticle 4 is imprinted. Moreover, in this 
example, illumination-light IL2A from the light source sections 3A and 3B and IL2B are used also as a 
detection light of the alignment sensor for the alignment of a reticle 4 and a wafer 7. Therefore, the 
alignment sensors 13 A and 13B of an image-processing method are installed by the TTR method above 
the both ends of the direction of X of a reticle 4, and a field including the location in which the reticle 
marks 1 1A and 1 IB on a reticle 4 were formed, respectively in illumination-light IL2A injected from the 
light source sections 3A and 3B and IL2B is irradiated. And the relative location gap with the wafer 
marks 12 A and 12B and the reticle marks 1 1 A and 1 IB is detected using the alignment sensors 13A and 
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13B. In this case, it is not necessary to establish the light source for alignment sensors, and is efficient. 
In addition, the alignment sensor which detects separately the reticle marks 1 1 A and 1 IB and the wafer 
marks 12 A and 12B, respectively is sufficient as the alignment sensors 13 A and 13B. 
[0027] Next, the modification of the 1st example of the gestalt of operation of this invention is explained 
with reference to drawing 7 . This modification is constituted so that incidence of the illumination light 
from the light source sections 3 A and 3B of drawing 1 may be carried out to the direct projection optics 
6 from the lower part side of a reticle 4. Other configurations are the same as that of the 1st example, 
give the same sign to a corresponding part with drawin g 1 in drawin g 7 , and omit the explanation. 
[0028] Drawing 7 (a) shows the outline configuration of the projection aligner of this modification, and 
the light source sections 3 A and 3B which inject illumination-light IL2A of wavelength lambda 2 and 
IL2B like drawing 1 to right and left of the lower part of a reticle 4 are installed in this drawing 7 (a). 
Condensing lens 9 A is penetrated, it is caudad reflected by mirror 33 A installed to the direction of 
incidence of illumination-light IL2A, and incidence of the illumination-light IL2A from light source 
section 3A is carried out to projection optics 6. Condensing lens 9B is penetrated similarly, it is caudad 
reflected by mirror 33B installed to the direction of incidence of illumination-light IL2B, and incidence 
also of the illumination- light IL2B from another light source section 3B is carried out to projection 
optics 6. The following is the same as that of the 1st example. 

[0029] Drawing 7 (b) shows the lighting field on a reticle 4, and the illumination light IL 1 from the 
light source section 1 is irradiated by the lighting field 18 of the rectangle inscribed in the appearance of 
the circular effective lighting field 14 in this drawing 7 (b). On the other hand, although each 
illumination-light IL2A from the light source sections 3 A and 3B and IL2B are not irradiated on a reticle 
4, the imagination lighting field on the reticle 4 which turned up the optical path by Mirrors 33 A and 
33B turns into the exposure fields 17A and 17B of the trapezoidal shape shown by the dotted line, 
respectively. Therefore, like the 1st example, distribution of the exposure energy of the lens of 
projection optics 6 serves as the symmetry of revolution mostly, and can reduce aberration fluctuation of 
projection optics 6. 

[0030] This modification is an effective approach when Mirrors 16A and 16B cannot be arranged from 
the constraint on a tooth-space side or arrangement to the incidence side of a reticle 4 like the 1st 
example. However, in the case of this modification, it is sometimes difficult to distinguish clearly the 
boundary of the lighting field 18 of the illumination light IL 1 on a reticle 4, and the imagination 
lighting fields 17A and 19A by illumination-light IL2A from the light source sections 3 A and 3B, and 
IL2B for KERARE of the illumination light IL 1 by Mirrors 33A and 33B. 

[0031] Next, the 2nd example of the gestalt of operation by this invention is explained with reference to 
drawing 2 . This example installs the two light source sections, and supplies the illumination light which 
has energy distribution almost symmetrical with rotation in projection optics using the field diaphragm 
which has synthetic optical system and wavelength selection nature. The fundamental configuration is 
the same as that of the 1st example, gives the same sign to a corresponding part with drawing 1 in 
drawing 2 , and omits the detail explanation. In addition, the wafer stage etc. is omitted in drawing 2 . 
[0032] Drawing 2 shows the outline configuration of the projection aligner of this example, the 
polarization beam splitter 42 which the illumination light IL 1 of the photosensitive wavelength lambda 
1 became the parallel flux of light by the relay lens 41, and was installed to the optical path of the 
illumination light IL 1 in this drawing 2 by the photoresist on the wafer 7 injected from the light source 
section 1 is penetrated, and incidence is carried out to a condensing lens 46. In addition, the linearly 
polarized light of the illumination light IL 1 of this example and the IL2A shall be carried out to P 
polarization, respectively, and they shall carry out incidence to a polarization beam splitter 42. 
Illumination-light IL2A of the nonphotosensitivity wavelength lambda 2 also becomes the parallel flux 
of light by the relay lens 47, and carries out incidence to the photoresist on the wafer 7 injected from 
another light source section 3 A from the direction which intersects perpendicularly with the illumination 
light IL 1 at a polarization beam splitter 42. A polarization beam splitter 42 is penetrated, it is reflected 
by the mirror 44 through the quarter-wave length plate 43, and incidence of the illumination-light IL2A 
is again carried out to a polarization beam splitter 42 as S polarization through the quarter-wave length 
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plate 43. It is reflected by the polarization beam splitter 42, and illumination-light IL2A used as S 
polarization is compounded with the illumination light IL 1 explained previously, carries out incidence 
to a condensing lens 46 as illumination light IL 3, and is irradiated on a reticle 4 through a condensing 
lens 46. Moreover, the quarter-wave length plate 45 is installed between a polarization beam splitter 42 
and a condensing lens 46, and the illumination light IL 3 is mostly irradiated by the reticle 4 in the state 
of the circular polarization of light. A good imprint is performed by this even if the direction of the 
pattern of a reticle 4 changes. 

[0033] The field diaphragm 48 which approaches and has wavelength selection nature is installed in the 
top face of a reticle 4, and each lighting field on the illumination light IL 1 which constitutes the 
illumination light IL 3 by this field diaphragm 48, and the reticle 4 of illumination-light IL2A is 
determined. The field diaphragm 48 consists of two kinds of light filters which have wavelength 
selection nature. Drawing 2 (b) shows the top view of a field diaphragm 48, and the light filter 50 of a 
long rectangle is formed in the non-scanning direction which penetrates the flux of light of wavelength 
lambda 1 alternatively in the center of a field diaphragm 48 in this drawing 2 (b). In this example, since 
the field diaphragm 48 is close with the reticle 4, the configuration of this light filter 50 can consider as 
it is that it is the lighting field of the illumination light IL 1 on a reticle 4. Moreover, the light filters 49 
and 51 of the shape of a semicircle which penetrates alternatively illumination-light IL2A of wavelength 
lambda 2 are formed in right and left of the light filter 50 on a field diaphragm 48. And a light filter 50 
and light filters 49 and 51 form the circular field centering on an optical axis AX as a whole, and this 
circular field is a field settled in the effective lighting field on a reticle 4. 

[0034] After the illumination light IL 1 which passed the field diaphragm 48 in which these light filters 
49-51 were formed, and IL2A penetrate a reticle 4, although projection optics 6 is passed further and it 
irradiates on a wafer 7, since illumination-light IL2A is nonphotosensitivity at the photoresist on a wafer 
7, on a wafer 7, only the image of the pattern on the reticle 4 specified in the configuration of a light 
filter 50 is imprinted. 

[0035] Moreover, by making projection optics 6 carry out incidence of the illumination light IL 1 
injected from the light source section 1, and the illumination-light IL2A injected from light source 
section 3 A to coincidence, the absorbed energy of the ** material within projection optics 6 becomes the 
density distribution near the symmetry of revolution to an optical axis AX, and its aberration fluctuation 
decreases. Moreover, like the conventional example, when heat deformation of the ** material of 
projection optics 6 is rotation asymmetry remarkably, the astigmatism (henceforth "main ASU") that the 
best image surface of the pattern of the meridional direction and the best image surface of the pattern of 
a direction perpendicular to it separate in the direction of an optical axis may arise at the core of the 
exposure field of projection optics, however, rotation of such [ in this example ] main ASU etc. - 
generating of unsymmetrical aberration fluctuation is also suppressed. Moreover, the approach of this 
example is effective especially when using a radii-like exposure field as follows. 
[0036] Drawing 2 (c) shows the condition of the field diaphragm used instead of a field diaphragm 48, 
when using a radii-like exposure field as an exposure field, and it sets it to this drawing 2 (c). In the 
center of field-diaphragm 48 A, light filter 50A of the shape of radii which penetrates alternatively the 
illumination light IL 1 from the light source section 1 is arranged. Semicircle-like light filter 49A and 
falcation light filter 51 A which penetrate alternatively illumination-light IL2A of wavelength lambda 2 
are prepared in right and left of light filter 50A on field-diaphragm 48A. The configuration of these light 
filters 49 A, 51 A, and 50A is set up so that the circular field centering on an optical axis AX may be 
formed as a whole. In this example, the pattern inside radii-like light filter 50A is projected on a wafer 7 
through projection optics 6 on a reticle 4. And the exposure energy of the symmetry of revolution is 
mostly supplied to projection optics 6 centering on an optical axis AX, and aberration fluctuation 
decreases. 

[0037] Thus, in order to give exposure energy symmetrical with rotation to the ** material within 
projection optics 6 in the 1st example in the case of a radii-like lighting field, it is necessary to set the 
field diaphragm in the light source sections 1 and 3 A and 3B as a very complicated configuration, and a 
manufacturing cost increases. However, according to this example, moreover according to it, the 
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configuration of the light filters 49 A and 51 A of illumination-light IL2A can also be set up easily that 
what is necessary is just to set up the configuration of light filter 50A according to the lighting field of 
the shape of radii on the reticle 4. 

[0038] in addition, what is small in whether the permeability to illumination-light IL2A from light 
source section 3A is made as a light filter 50 of drawing 2 (b) — the rotation within projection optics 6 - 
the effectiveness of reducing the aberration fluctuation by unsymmetrical exposure energy distribution is 
greatly desirable. Moreover, in order to lessen aberration fluctuation of projection optics 6 as much as 
possible, as for the area of light filters 49 and 51, it is desirable that it is [ of the area of parts other than 
light filter 50 ] 1/2 or more at least in in the circle circumscribed to a light filter 50. 
[0039] Moreover, in the example of drawing 2 (a), although the field diaphragm 48 is set up near the 
pattern side of a reticle 4, it may arrange a field diaphragm 48 to the pattern side of a reticle 4, and a 
field [ **** ]. In addition, in drawing 2 (a), instead of a polarization beam splitter 42, as a two-dot chain 
line shows as synthetic optical system, a dichroic mirror DM may be used. It has the wavelength 
selection nature which this dichroic mirror DM penetrates the illumination light IL 1 , and reflects 
illumination-light IL2A, and both the illumination light IL 1 and IL2A are compounded by this without 
futility. Moreover, in this case, the quarter-wave length plate 45 is unnecessary. 
[0040] Next, the 3rd example of the gestalt of operation of the projection aligner of this invention is 
explained with reference to drawing 8 . Only the one light source is used for this example, it prepares a 
gobo between projection optics and a wafer, gives the same sign to a corresponding part with drawing 1 
or drawing 2 in drawing 8 , and omits the detail explanation. Drawing 8 (a) shows the outline 
configuration of the projection aligner of this example, and the photosensitive illumination light IL 1 is 
irradiated on a reticle 4 with a condensing lens 41 in this drawing 8 (a) to the photoresist injected from 
light source section 1 A. In this case, it is not orthopedically operated by the rectangle like the lighting 
field 18 of drawing 1 , but the lighting field configuration on the reticle 4 of the illumination light IL 1 
serves as the effective exposure field of projection optics 6, and a circular effective lighting field 
[ **** ]. The illumination light IL 1 which passed through the circular effective lighting field on a 
reticle 4 penetrates projection optics 6, and it carries out incidence to the gobo 71 arranged by 
approaching a wafer 7. 

[0041] Drawing 8 (b) shows the top view of a gobo 71, and the core's of a gobo 71 corresponds with an 
optical axis AX in this drawing 8 (b). The transparency field 73 of a long rectangle is formed in the 
direction of Y centering on an optical axis AX, and the protection-from- light band 72 is formed in the 
center section of the gobo 71 so that the transparency field 73 may be surrounded. Only the illumination 
light which penetrated the transparency field 73 among the illumination light IL 1 which carried out 
incidence to the gobo 71 is irradiated on a wafer 7. Thereby, on a wafer 7, the image of the pattern of the 
field of a long rectangle is imprinted in the direction of Y on the reticle 4 corresponding to the 
transparency field 73 of a gobo 71. 

[0042] only forming a gobo 71 between projection optics 6 and a wafer 7 according to this example — 
the desired rotation on a reticle 4 — only the image of the pattern of an unsymmetrical field can be 
imprinted. Therefore, the configuration of the illumination-light study system for operating the lighting 
field of the illumination light IL 1 orthopedically becomes easy. Moreover, since only one light source 
section 1 A is used, as compared with the example of drawing 1 , drawin g 2 , and drawing 7 , a facility of 
the light source section, a condensing lens, etc. can be saved. Moreover, since what is necessary is just 
to form a gobo 71, a configuration is very easy and can also do the activity of adjustment etc. easily. 
Especially, in this example, in order to illuminate a reticle 4 and a field symmetrical with rotation of 
projection optics 6 by the illumination light IL 1 from one light source section 1 A, the absorption 
density distribution of the light energy of the ** material of projection optics 6 serves as the symmetry 
of revolution around an optical axis AX further, and generating of the aberration of the projection optics 
6 accompanying heat deformation of** material is suppressed further. 

[0043] In addition, the exchange style for replacing a gobo 71 may be prepared, and you may constitute 
so that two or more gobos which formed the configuration of a transparency field according to the 
exposure field may be exchanged through the exchange style. Moreover, the visual field adjustment 
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device which can be changed into arbitrary configurations may be established for the transparency field 
73 instead of a gobo 71. In addition, in the example of drawing 8 , the distance dl of finite exists 
between a wafer 7 and a gobo 71 for convenience' sake [ structural ]. [ when the lighting unevenness on 
a wafer 7 poses a problem by KERARE by the gobo 71 ] If the maximum numerical aperture (NA) of 
the exposure light on a wafer 7 is set to sin theta as drawing 9 (a) shows Near a reticle 4 or rather than a 
reticle 4, in the conjugation location of the reticle 4 by the side of the light source It is good to arrange 
the member 80 which formed the protection- from-light bands 84 and 85 of width-of-face dR =2 beta-d 1 
and tan theta (beta is the projection scale factor of 1/4, and a 1 / 5 grades) in the outside of the exposure 
field of the wafer 7 as shown by drawin g 9 (b), and the field [ **** ] 81. In this case, the illumination 
light IL 1 of drawing 8 (a) passes through the fields 81, 82, and 83 except the protection-from-light 
bands 84 and 85. 

[0044] This sets to drawing 9 (a) and it is width of face dR. In the field from location 7 A to 7B [ **** ], 
exposure is not carried out at all on the protection-from-light band 85 and a wafer 7. If the boundary of 
the transparency field 73 of a gobo 71 and the protection-from-light band 72 is arranged above mid- 
position 7C with locations 7A and 7B and it is made the same also about the protection-from-light band 
84 of another side, KERARE by the gobo 71 will not happen, width of face dR of the protection-from- 
light bands 84 and 85 when sufficiently smaller than the diameter of the circular member 80, the lens of 
the projection optics 6 of drawing 8 (a) is mostly illuminated to the symmetry of revolution — having - 
rotation - unsymmetrical aberration fluctuation is fully amended. 

[0045] Next, the effectiveness of reduction of aberration fluctuation of the projection optics in the gestalt 
of above-mentioned operation is explained based on the example of count. First, the rise of the 
temperature distribution by lighting energy is calculated. Therefore, in the example of drawing 1 , the 
lens of projection optics 6 is approximated to a cylindrical shape, and when heat does not flow out of the 
side face of a lens through air but the edge of a lens touches a metal, it is assumed that it is that into 
which heat flows only out of the edge of the lens, a radial distance of the lens - about the surrounding 
include angle of r and an optical axis AX, in the temperature distribution after phi and a rise, if the 
absorbed duty per unit volume of T (r, phi) and a lens is set to omega (r, phi) and the circumradius of 
lambda and a lens is set to a for thermal conductivity, the heat conduction equation in the cylindrical 
coordinate system (r, phi) in a thermal equilibrium state will become like a degree type. 
[0046] 
[Equation 1] 

d*T/d r 2 + (l/r)-aT/a r + ( 1 / r 2 ) • d 2 T/3 0 2 + a>( r ,0)/J = O 

[0047] Then, if the heat conduction equation of (several 1) is solved, it will become like a degree type. 
[0048] 

[Equation 2^ ^ 

T(r,0)= X 2 C in • J 0 (p i n ■ r)cos(a<jO 
i=i n=o 
oo oo 

+ 22 s in* JolPin ' r)sinU0) 
i=l n=o 

[0049] Here, Jn (pin-r) is the n-th 1st sort bessel (Bessel) function (n= 0, 1 and 2, -), and pin (i= 1, 2, --) 
is a sequence of numbers with which Jn(pin-a) =0 is filled. Moreover, a multiplier Cin is expressed by 
the degree type. 
[0050] 
[Equation 3J 

Ctn=J J (o)(r, 0)//l)« Jo (pm* r)* cos(n^) • r d r d d> 
/{(/r/2)- pin 3 - a 8 [Jn + .(Pin- a)] 2 } 
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[0051] However, as for a multiplier Cin, it asks by the degree type only at the time of n= 0. 

[0052] 

[Equation 41 




/{n • p l0 2 - a 2 [J,(pu' a)] 2 } 



[0053] Moreover, a multiplier Sin is expressed by the degree type. 

[0054] 

[Equation 5] 




/{(tt/2)- Pin 2 - a 2 [J n+1 ( Pi ^ a)] 2 } 



[0055] Next, in order to investigate of which degree aberration fluctuation appears mostly by the rise of 
temperature distribution, the fourier BEKI expansion into series of the temperature distribution T after a 
rise (r, phi) is carried out with the least square method as follows. Here, the unit of the temperature 
distribution T after a rise (r, phi) is **, and the unit of distance r is mm. 



[0057] However, they are i= 0, 2, 4 and 6, and — . Here, the series BOO in i= 0 and n= 0 becomes an 
optical axis AX, i.e., the rise temperature of r= 0. Hereafter, based on an actual numeric value, two 
examples of count, the 1st and the 2nd, explain the effectiveness in the 1st example. In the 1st example 
of count, a rectangular lighting field is used as a lighting field of the exposure light on a reticle, and a 
radii-like lighting field is used in the 2nd example of count. In this case, suppose that it is a lens 61 the 
quartz of the cylindrical shape whose circumradius a is 40mm with a lens 61 on behalf of the lens of 
projection optics 6 (refer to drawing 3 - drawing 6 ). In the case of a quartz, thermal conductivity is 
0.0138W/(cmand**). Moreover, the rate of heat absorption of the lens 61 to the illumination light IL 1 
of wavelength lambda 1 which exposes the photoresist of a wafer 7 is carried out in 2%/cm. 
[0058] In the 1st example of count, it calculates first about the case where the illumination light IL 1 is 
irradiated by only the lighting field 18 of the 70mmxl6.8mm rectangle on the reticle 4 of drawing 1 , for 
a comparison. In this case, it calculates based on the solution of the heat conduction equation at the time 
of substituting a rectangular absorbed energy consistency for the above (several 3), (several 4), and the 
absorbed duty omega (r, phi) that reaches (several 5), and substituting that result for (several 2). 
[0059] Drawing 3 (a) shows the exposure condition on the lens 61 when the illumination light IL 1 is 
irradiated by only the rectangular lighting field, and sets it to this drawing 3 (a), drawing 1 — (- b --) - 
lighting — a field — 1 8 — a point — L — one — L — two — N — one — N — two — corresponding — a point 

— L — one — 1 — L -- two — 1 ~ N - one — ' ~ N — two - ' - surrounding — having had - a rectangle — 
lighting - a field -- 62 — a scanning direction -- width of face — DX — and - un — a scanning direction - 

- width of face - DY - respectively - 16.8mm and 70mm - carrying out . And the lighting field 62 
shall be uniformly irradiated by the illumination light IL 1, and sets the total exposure per unit time 
amount to 1W. 

[0060] Drawing 3 (b) expresses the above count result to drawing, and an axis of abscissa and an axis of 
ordinate express the distance x from an optical axis AX to a scanning direction, and the distance y to a 
non-scanning direction, respectively. In this drawing 3 (b), constant-temperature-line 63 A for 0.02 
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degrees C of every temperature gradients shows the temperature distribution on a lens 61. In addition, 
temperature serves as a low value from the inside towards the outside. In addition, also in drawing 4 (b) 
explained below - drawin g 6 (b), an axis of abscissa and an axis of ordinate express the distance x from 
an optical axis AX to a scanning direction, and the distance y to a non-scanning direction, respectively, 
and the constant-temperature lines 63B-63D show the constant-temperature line for 0.02 degrees C of 
every temperature gradients which fall toward an outside from the inside. 

[0061] although only the case that the illumination light ILI is irradiated by the lighting field 62 of the 
rectangle on a lens 61 serves as temperature distribution near the symmetry of revolution in the location 
distant from the optical axis AX on a lens 61 as shown in constant-temperature-line 63 A of the shape of 
an ellipse long to the non-scanning direction centering on the optical axis AX of this drawing 3 (b) — the 
near optical axis AX (x= 0, y= 0) -- rotation — they are unsymmetrical temperature distribution. 
[0062] Table 1 shows the series Bin which carried out the fourier BEKI expansion into series by the 
above (several 6), n (0, 1, 2, -) is taken in the horizontal column, i (= 0, 2, 4, — ) is taken to a column, 
and the value of the series Bin corresponding to each value of n and i is shown. Table 1 is explained 
later. In addition, the value of Series Bin is shown like [ Table 2-4 mentioned later ] Table 1. 



0063] 
Table 1] 





n=0 


n=1 


n=2 


r»=3 


n=4 


i=0 


Z 2045X1 0" 1 


0. 0000 


-2. 4550X10"* 


0.0000 


1.4452X10"° 


i=2 


-3. 4345X10"* 


0.0000 


6. 3423x1 (T 7 


0.0000 


-3. 3489X10- 10 


i=4 


3. 9964X10" 7 


0.0000 


-8. 4516x10~ 10 


0. 0000 


3.1901x10-" 


i=6 


-3. 6972x1 0 _, ° 


0. 0000 


6. 5133X10" 13 


0.0000 


-1.4221X10" 16 


i=8 


1.8007X10- 13 


0.0000 


-2. 6076X10 1 6 


0.0000 


2. 1215x10"*° 


1=10 


-3. 4325X10" 17 


0. 0000 


4.1520X10- 2D 


0. 0000 


1.7302X10" 2 * 



[0064] Next, in addition to the illumination light IL 1 from the light source section 1, based on the 1st 
example of drawing 1 , the count result at the time of irradiating the lens 61 of projection optics 6 by 
illumination-light IL2A from the light source sections 3 A and 3B and IL2B is shown. In addition, 
although the exposure field of illumination-light IL2A from the light source sections 3A and 3B and 
IL2B differs from the 1st example for a while, in respect of effectiveness, you may think that it is the 
same. 

[0065] the right and left which drawing 4 (a) shows the exposure condition on a lens 61, and touch the 
lighting field 62 in this drawin g 4 (a) within the circle in which the lighting field 62 is inscribed - 
suppose that illumination-light IL2A and IL2B are mostly irradiated uniformly by the lighting fields 
64A and 64B of a hemicycle, respectively. In this case, let the absorbed energy consistency of the lens 
61 to illumination-light IL2A of wavelength lambda 2 which does not expose the photoresist of a wafer 
7, and IL2B be the absorbed energy consistency and equal to the illumination light IL 1 in the lighting 
field 62. 

[0066] Drawing 4 (b) expresses the above count result to drawing, and in this drawin g 4 (b), as shown in 
concentric circular constant-temperature-line 63 B centering on the optical axis AX on a lens 61, it serves 
as temperature distribution almost near the symmetry of revolution on the lens 61 . Moreover, based on 
the above count result, the result of having calculated the series Bin which carried out the fourier BEKI 
expansion into series by the above (several 6) is shown in Table 2. 
[0067] 
[Table 2] 
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[0068] If the temperature distribution after each rise of drawing 3 (b) and drawing 4 (b) are compared, 
the direction of the temperature distribution of drawing 4 (b) is quite close to the symmetry of 
revolution. Furthermore, although the series BOO in i= 0 and n= 0, i.e., the temperature in an optical axis 
AX (r= 0), has a large direction in the case of Table 2 when Table 1 is compared with Table 2, in most, 
Table 2 of the absolute value of the other series is smaller, rotation according [ that it is shown that that 
the value of series other than i=0 is small among the values of Series Bin at n= 0 has the small spherical- 
aberration fluctuation by the exposure of the illumination light, and the value of n= 2 other than n=0 or 
the series Bin of n= 4 is small ] to the exposure of the illumination light — it expresses that 
unsymmetrical aberration fluctuation is small, namely, rotation of main ASU according to the exposure 
of the illumination light by the 1st example of drawing 1 etc. - it turns out that unsymmetrical 
aberration fluctuation is reduced. 

[0069] Next, the 2nd example of count is explained. This 2nd example of count shows concretely the 
effectiveness in the case of using a radii-like lighting field numerically in the 1st example shown in 
drawing 1 . First, it calculates about the case where the illumination light IL 1 of drawing 1 is irradiated 
by only the lighting field of the shape of radii on a reticle, for a comparison. Drawing 5 (a) shows the 
exposure condition of the illumination light IL 1 on the lens 61 of projection optics 6, and the lens 61 is 
illuminated by the lighting field 65 of the shape of radii which has the same area as the lighting field 62 
(refer to drawing 3 (a)) of the rectangle of the 1st example of count, and has the same circumscribed 
circle in this drawing 5 (a). In order that this lighting field 65 may avoid the flare of the core of 
projection optics 6, it is formed so that the field in the circle whose distance from an optical axis AX is 
8.4mm may not be included, and the core 66 of the lighting field 65 is set as the location of the 
predetermined distance d from the optical axis AX. In addition, the amount of exposure energy in the 
lens 61 of the illumination light IL 1 is 1 W. Consequently, the distance DS with which the distance DR 
which connects linearly the points L3 and L4 (or points N3 and N4) of the corner of the two directions 
of Y of the radii-like lighting field 65 connects linearly the points L4 and N4 (or points L3 and N3) of 
the corner of the two directions of X, 16.8mm and the lighting field 65, is 70mm. And in order to avoid 
the field in a 8.4mm circle from an optical axis AX, it is set up so that the distance S of the direction of 
X between the tangents of the radii on the left-hand side of the lighting field 65 may be set to 25.2mm 
from the straight line which connects the points N3 and L3 of drawing 5 (a). 

[0070] Drawin g 5 (b) shows the result of having calculated the temperature distribution after the rise on 
the lens 61 when only the lighting field 65 of the shape of radii on a lens 61 is illuminated by the 
illumination light IL 1, and as this drawin g 5 (b) is shown in constant-temperature-line 63 C in every 
0.02 degrees C, temperature distribution turn into temperature distribution of the shape of an ellipse long 
to the non-scanning direction which leaned toward right-hand side to the optical axis AX. The series Bin 
which carried out the fourier BEKI expansion into series in this case is shown in Table 3. 
[0071] 
[Table 3] 
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[0072] Next, in addition to the illumination light IL 1 from the light source section 1, in drawing 1 (a), 
the example of count at the time of irradiating a lens 61 by illumination-light IL2A from the light source 
sections 3 A and 3B and IL2B is shown. Drawing 6 (a) shows the exposure condition on a lens 61, and 
presupposes that illumination-light IL2A and IL2B are uniformly irradiated by the lighting fields 67A 
and 67B of the hemicycle of the right and left which touch the lighting field 65, respectively in this 
drawing 6 (a). In this case, as mentioned above, so that the lighting field of illumination-light IL2A from 
the light source sections 3 A and 3B and IL2B may be aligned with a radii-like lighting field It is not 
easy to manufacture the light source sections 3A and 3B etc., and it sets for this example of count. As 
shown in drawing 6 (a), illumination-light IL2A and IL2B shall be irradiated by lighting field 67B of the 
shape of a semicircle which makes one side the tangent of the radii on the right-hand side of lighting 
field 67A which makes one side the straight line which connects the top-most vertices of the direction of 
-X of the radii-like lighting field 65, and the radii-like lighting field 65, respectively. And let the 
absorbed energy consistency of the lens 61 in the lighting fields 67 A and 67B by illumination-light 
IL2 A of the wavelength lambda 2 which is not exposed to a photoresist, and IL2B be radii-like the 
absorbed energy consistency and equal in the lighting field 65. 

[0073] Drawing 6 (b) expresses the count result in the above conditions to drawing, and the temperature 
distribution shown by constant-temperature-line 63D are close to the symmetry of revolution in this 
drawing 6 (b) compared with the temperature distribution of drawing 5 (b). Moreover, based on the 
above count result, the result of having calculated the series Bin which carried out the fourier BEKI 
expansion into series by the above (several 6) is shown in Table 4. 
[0074] 





n=0 


n=1 


n=2 


rr=3 


n=4 


i=0 


3. 2613X10" 1 


1. 9780x10-' 


1. 8782X10" 4 


^. 4163x10-* 


-1.4622X10" 7 


1=2 


-9. 3395X1 0' e 


-9. 7035X10"* 


-6. 8352x10" 7 


1. 8846x10"° 


6. 04O9X10- 10 


i=4 


-4. 7485X10" 7 


1.9335x10"' 


1.1 776X1 0"° 


-3. 2278x10' 11 


-9. 7362x10- 11 


i=6 


5. 3783x10" 10 


-1.9862X10" 11 


-1.0660X10- 18 


2. 8311X10- 14 


7. 7335X10" 16 


i=8 


-3. 1285X10- 1 * 


1.021QX10- 1 " 


4.8154X10" 16 


-1.2630x10" 17 


-3. 0439X10" 19 


1=10 


7. 1741X10" 17 


-2. 0517X10" 1 * 


-6. 5698X10" 20 


2. 2606X1Q"* 1 


4,7624x10-" 



[0075] When Table 3 and 4 is compared, the absolute value of series Bin other than [ the great portion 
of] series BOO which show the temperature rise in an optical axis AX cannot say that the value of Table 
4 is smaller than the value of Table 3, but the series of a big value also has considerably a direction in 
the case of drawin g 6 (Table 4). namely, extent of an improvement of rotation asymmetry of the 
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temperature distribution on a lens 61 in the approach by the 1st example which is shown in drawing 1 in 
the case of a radii-like exposure field — small — rotation — the reduction effectiveness of unsymmetrical 
aberration fluctuation is small. Therefore, if the lighting field by the illumination light of the wavelength 
which does not expose the photoresist on a wafer with a light filter, and is absorbed by the lens of 
projection optics 6 like the gestalt of operation shown in drawing 2 is set up so that it may touch that 
there is no clearance in a radii-like lighting field, in the case of a radii-like exposure field, the symmetry- 
of-revolution nature of the exposure energy distribution on the lens of projection optics 6 improves, and 
it can reduce aberration fluctuation of projection optics. 

[0076] in addition, this invention — the projection aligner of one-shot exposure molds, such as not only 
the projection aligner of a scan exposure mold but a stepper method, ~ it is - the rotation on a reticle - 
when imprinting the pattern of an unsymmetrical field on a wafer, it can apply similarly. Thus, this 
invention is not limited to the gestalt of above-mentioned operation, but can take configurations various 
in the range which does not deviate from the summary of this invention. 
[0077] 

[Effect of the Invention] the rotation on the mask illuminated by the 1st illumination light since the 2nd 
illumination light is nonphotosensitivity to a photosensitive substrate according to the 1st projection 
aligner of this invention, although the 1st and 2nd illumination light is irradiated [ both ] on a 
photosensitive substrate ~ the image of the pattern of an unsymmetrical exposure lighting field — the 
rotation on a photosensitive substrate — an unsymmetrical exposure lighting field imprints, moreover, 
rotation according to the 1st illumination light by the 2nd illumination light ~ an unsymmetrical 
exposure lighting field is complemented, and in order to illuminate projection optics by the illumination 
light which passed through the exposure lighting field almost symmetrical with rotation, the symmetry- 
of-revolution nature of the exposure energy distribution to the lens of projection optics increases, 
therefore, rotation - heat deformation of the lens by distribution of unsymmetrical heat energy, and 
rotation of a refractive index - unsymmetrical distribution decreases and there is an advantage whose 
aberration fluctuation of projection optics decreases. 

[0078] Moreover, according to the 2nd projection aligner of this invention, the 1st and 2nd illumination 
light once compounded by the synthetic system passes through the field determined by the field 
diaphragm, respectively, and is irradiated on a photosensitive substrate through projection optics. Since 
the 2nd illumination light is nonphotosensitivity to a photosensitive substrate, the image of the pattern 
on a mask is imprinted by the exposed lighting field on the photosensitive substrate only by the 1st 
illumination light, in this case, the 1st illumination light — a field diaphragm — rotation of a mask - in 
order to pass only the 1st field as an unsymmetrical exposed lighting field, and the 1st transparency 
section [****], on a photosensitive substrate, only the image of the pattern of the 1st field on a mask is 
imprinted. On the other hand, the 1st illumination light which penetrates the 1st field on a mask, and the 
2nd illumination light which penetrates the 2nd field on the mask which complements the 1st field and 
forms a circular field symmetrical with rotation substantially carry out incidence to projection optics. 
Since the exposure field of the 1st and 2nd whole illumination light turns into a circular field substantial 
almost symmetrical with rotation, like the 1st projection aligner of this invention, the symmetry-of- 
revolution nature of the exposure energy distribution to the lens of projection optics increases, and it has 
the advantage whose aberration fluctuation of projection optics decreases, moreover — this invention — 
the rotation on a mask - there is also an advantage from which the optical system for operating 
orthopedically the optical system for operating orthopedically the 1st illumination light irradiated by the 
unsymmetrical exposed lighting field and the lighting field of the 2nd illumination light becomes 
unnecessary. 

[0079] Moreover, the light from at least one side of the mask mark on the mask located in the field 
which the 2nd illumination light illuminates in the 1st and 2nd projection aligners of this invention, and 
the substrate mark on the photosensitive substrate located in the field which the 2nd illumination light 
illuminates is detected in photoelectricity. In having the mark location detection system which detects 
the location of one [ at least ] mark of both marks, there is an advantage which can use the 2nd 
illumination light effectively also as illumination light for the alignment for detecting the location of a 
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mask or a photosensitive substrate. 

[0080] Moreover, when a predetermined circular exposure field symmetrical with rotation, or a 
predetermined circular field symmetrical with rotation and the field on a photosensitive substrate 
[ **** ] is in agreement with the visual field by the side of the photosensitive substrate of projection 
optics, since the lens of projection optics is illuminated by the almost circular lighting field of an overall 
diameter by the symmetry of revolution, it has the advantage whose symmetry-of-revolution nature of 
distribution of the exposure energy to the lens of projection optics improves. 

[0081] moreover - according to the 3rd projection aligner of this invention - a photosensitive substrate 
— receiving — the photosensitive illumination light — an optical limit member — the rotation on a mask ~ 
it passes only through the field corresponding to an unsymmetrical field, and irradiates on a 
photosensitive substrate, therefore, the rotation on a mask — only the image of the unsymmetrical pattern 
of a field is imprinted on a photosensitive substrate. Moreover, since the field almost symmetrical with 
rotation on a mask can be illuminated by the illumination light, the symmetry-of-revolution nature of the 
exposure energy distribution to the lens of projection optics increases like the 1st and 2nd projection 
aligners of this invention. Especially in this invention, in order to illuminate a mask only by one 
illumination light, the light energy of uniform wavelength is irradiated by the whole lens of projection 
optics. Therefore, it becomes uniform with the whole lens, heat deformation of a lens decreases further, 
and the absorbed amount of the heat energy in the lens of projection optics also has the advantage on 
which aberration fluctuation of projection optics is also suppressed further. Moreover, in order to use 
only one illumination light, there is also an advantage which can save a facility of the light source, an 
illumination-light study system, etc. 
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[Procedure revision] 

[Filing Date] November 10, Heisei 15 (2003. 11.10) 

[Procedure amendment 1] 

[Document to be Amended] Specification 

[Item(s) to be Amended] The name of invention 

[Method of Amendment] Modification 

[The contents of amendment] 

[Title of the Invention] The projection exposure approach and equipment 

[Procedure amendment 2] 

[Document to be Amended] Specification 

[Item(s) to be Amended] Claim 

[Method of Amendment] Modification 

[The contents of amendment] 

[Claim(s)] 

[Claim 1] 

Projection optics which projects the predetermined pattern for an imprint formed in the mask on a 
photosensitive substrate, 

It sets in a predetermined circular exposure field symmetrical with rotation to the 1st point that the 
optical axis of said projection optics and the exposed field of said photosensitive substrate cross, said 1st 
point - receiving -- rotation - an unsymmetrical exposure lighting field - forming -- rotation, in order 
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to imprint an unsymmetrical mask pattern image on said photosensitive substrate the 2nd point that 
supply the 1st illumination light with the wavelength which exposes said photosensitive substrate, and 
the optical axis of said projection optics and the pattern side of said mask cross — receiving — the inside 
of the pattern side of said mask rotation — the 1st illumination system which forms an unsymmetrical 
exposure lighting field, 

the 2nd illumination light which has nonphotosensitivity wavelength towards said photosensitive 
substrate through said projection optics — supplying — said 1st illumination light ~ following — the 
inside of said predetermined circular exposure field the whole illuminates mostly - as - said rotation 
in the exposed field of said photosensitive substrate - the projection aligner characterized by to have the 
2nd illumination system which forms the non-exposing lighting field which complements an 
unsymmetrical exposure lighting field in said predetermined circular exposure field. 
[Claim 2] 

Projection optics which projects the predetermined pattern for an imprint formed in the mask on a 
photosensitive substrate, 

The 1st light source section which supplies the 1st illumination light with the wavelength which exposes 
said photosensitive substrate, 

The 2nd light source section which supplies the 2nd illumination light which has nonphotosensitivity 
wavelength to said photosensitive substrate, 

The synthetic system which compounds said 1st illumination light and said 2nd illumination light, and is 
led to said mask, 

The field diaphragm arranged in the location which serves as conjugate substantially with the pattern 

side of said mask on the optical path between this synthetic system and said mask is prepared, 

Said field diaphragm has the 1st transparency section which makes said 1st illumination light penetrate, 

and the 2nd transparency section which makes said 2nd illumination light penetrate, 

the predetermined point that the optical axis of said projection optics and the pattern side of said mask 

cross, as for said 1st transparency section — receiving - the inside of a predetermined circular field 

symmetrical with rotation » setting - said predetermined point -- receiving - rotation - the 1st field as 

an unsymmetrical exposure lighting field, and conjugation — it is 

the inside of a predetermined circular field symmetrical with said rotation when said 2nd transparency 
field is accompanied by said 1st illumination light — the whole is illuminated mostly - as — said rotation 
- the projection aligner characterized by being the 2nd field as an exposed lighting field and conjugation 
which complement the 1st unsymmetrical field. 
[Claim 3] 

It is a projection aligner according to claim 1 or 2, 

The projection aligner characterized by to have the mark location detection system which detects in 
photoelectricity the light from at least one side of the mask mark on said mask located in the field which 
said 2nd illumination light illuminates, and the substrate mark on said photosensitive substrate located in 
the field which said 2nd illumination light illuminates, and detects the location of one [ at least ] mark of 
both marks. 
[Claim 4] 

It is a projection aligner claims 1 and 2 or given in three, 

A predetermined circular exposure field symmetrical with said rotation, or a predetermined circular field 
symmetrical with said rotation and the field on said photosensitive substrate [****] is a projection 
aligner characterized by being in agreement with the visual field by the side of said photosensitive 
substrate of said projection optics. 
[ClaimS] 

Projection optics which projects the predetermined pattern for an imprint formed in the mask on a 
photosensitive substrate, 

The illumination-light study system which illuminates said mask by the illumination light with the 
wavelength which exposes said photosensitive substrate, 

It is arranged between said projection optics and said photosensitive substrates, and an optical limit 
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member with the predetermined light transmission section is prepared, 

the predetermined point that the optical axis of said projection optics and the exposed field of said 
photosensitive substrate cross, as for said illumination light which passed the light transmission section 
of this optical limit member - receiving — the inside of a predetermined circular exposure field 
symmetrical with rotation setting — said predetermined point — receiving — rotation — the projection 
aligner characterized by carrying out incidence to an unsymmetrical field. 
[Claim 6] 

In the projection aligner which carries out projection exposure of the image of the predetermined pattern 
for an imprint formed in the mask using projection optics on a photosensitive substrate, 
the 1st illumination light with the wavelength which exposes said photosensitive substrate - using — the 
optical axis of projection optics - being related — rotation - the illumination-light study system which 
forms an unsymmetrical lighting field on said mask - having 

said projection optics -- said rotation — the image of said predetermined pattern for an imprint formed in 
said mask based on said 1st illumination light from an unsymmetrical lighting field ~ the inside of the 
field on said photosensitive substrate — projecting 

rotation of said projection optics - the projection aligner characterized by having further a rotation 
unsymmetrical aberration fluctuation reduction means to supply the 2nd illumination light which has 
nonphotosensitivity wavelength to said photosensitive substrate to said projection optics in order to 
reduce unsymmetrical aberration fluctuation, 
[Claim 7] 

In a projection aligner according to claim 6, 

Said rotation unsymmetrical aberration fluctuation reduction means is a projection aligner characterized 
by supplying said 2nd illumination light to said projection optics through said mask. 
[Claim 8] 

In a projection aligner according to claim 6, 

Said rotation unsymmetrical aberration fluctuation reduction means is a projection aligner characterized 
by supplying said 2nd illumination light to said projection optics from between said masks and said 
photosensitive substrates. 
[Claim 9] 

In the projection aligner of claim 6-8 given in any 1 term, 

It exposes moving said mask and said photosensitive substrate to a scanning direction with the velocity 
ratio according to the projection scale factor of said projection optics, 

For said scanning direction, said illumination-light study system is a projection aligner characterized by 
forming a long lighting field in a different non-scanning direction. 
[Claim 10] 

In the projection aligner of claim 6-9 given in any 1 term, 

Said rotation unsymmetrical aberration fluctuation reduction means is a projection aligner characterized 
by amending the astigmatism of said projection optics in the core of said exposure field. 
[Claim 11] 

In the projection aligner of claim 6-10 given in any 1 term, 
Said projection optics is equipped with a lens, 

Said rotation unsymmetrical aberration reduction means is a projection aligner characterized by making 
mostly distribution of the exposure energy of said lens of said projection optics into the symmetry of 
revolution. 
[Claim 12] 

In the projection exposure approach which carries out projection exposure of the image of the 
predetermined pattern for an imprint formed in the mask using projection optics on a photosensitive 
substrate, 

the 1st illumination light with the wavelength which exposes said photosensitive substrate — using - the 
optical axis of projection optics - being related - rotation - the lighting process which forms an 
unsymmetrical lighting field on said mask, and; 
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said rotation — the projection process which projects the image of said predetermined pattern for an 
imprint formed in said mask into the exposure field on said photosensitive substrate based on said 1st 
illumination light from an unsymmetrical lighting field, and; 

the 2nd illumination light which has nonphotosensitivity wavelength to said photosensitive substrate - 
said projection optics -- supplying - rotation of said projection optics - the rotation unsymmetrical 
aberration fluctuation reduction process and; which reduce unsymmetrical aberration fluctuation 
preparation ****** — the projection exposure approach characterized by things. 
[Claim 13] 

In the projection exposure approach according to claim 12, 

The projection exposure approach characterized by supplying said 2nd illumination light to said 
projection optics through said mask at said rotation unsymmetrical aberration fluctuation reduction 
process. 
[Claim 14] 

In the projection exposure approach according to claim 12, 

The projection exposure approach characterized by supplying said 2nd illumination light to said 
projection optics from between said masks and said photosensitive substrates by said rotation 
unsymmetrical aberration fluctuation reduction approach. 
[Claim 15] 

In the projection exposure approach of claim 12-14 given in any 1 term, 

It exposes moving said mask and said photosensitive substrate to a scanning direction with the velocity 
ratio according to the projection scale factor of said projection optics, 

The projection exposure approach characterized by forming a long lighting field in a different non- 
scanning direction from said scanning direction at said lighting process. 
[Claim 16] 

In the projection exposure approach of claim 12-15 given in any 1 term, 

The projection exposure approach characterized by amending the astigmatism of said projection optics 
in the core of said exposure field at said rotation unsymmetrical aberration fluctuation reduction process. 

[Claim 17] 

In the projection exposure approach of claim 12-16 given in any 1 term, 
Said projection optics is equipped with a lens, 

The projection exposure approach characterized by making mostly distribution of the exposure energy 

of said lens of said projection optics into the symmetry of revolution at said rotation unsymmetrical 

aberration reduction process. 

[Procedure amendment 3] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0006 

[Method of Amendment] Modification 

[The contents of amendment] 

[0006] 

this invention - this point - taking an example the rotation on a reticle - when imprinting the pattern 

of an unsymmetrical field on a wafer through projection optics, it aims at offering little projection 

exposure approach and equipment of aberration fluctuation of projection optics. 

[Procedure amendment 4] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0015 

[Method of Amendment] Modification 

[The contents of amendment] 

[0015] 

the light limit member (71) after the photosensitive illumination light (IL1) passes through a mask (4) 
and a field symmetrical with rotation of projection optics (6) to a photosensitive substrate (6) according 
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to the 3rd projection aligner of this this invention - the rotation on a mask (4) - it passes only through 
the field corresponding to an unsymmetrical field, and irradiates on a photosensitive substrate (7). 
therefore, the rotation on a mask (4) - only the image of the unsymmetrical pattern of a field is 
imprinted on a photosensitive substrate (7). Moreover, in order to illuminate a field symmetrical with the 
rotation on a mask (4) by the illumination light (IL1), like the 1st and 2nd projection aligners of this 
invention, the symmetry-of-revolution nature of the exposure energy distribution to the lens of 
projection optics (6) increases, and aberration fluctuation of projection optics (6) decreases. Especially 
in this invention, in order to illuminate a mask (4) only by one illumination light (IL1), the light energy 
of uniform wavelength is irradiated by the whole lens of projection optics (6). therefore, the absorbed 
amount of the heat energy in these lenses - uniform - becoming - rotation of a lens — unsymmetrical 
heat deformation decreases further and generating of the aberration of projection optics (6) is also 
suppressed further. Moreover, since only one illumination light (IL1) is used, a facility of the light 
source, an illumination-light study system, etc. can be saved. 

Next, the 4th projection aligner by this invention is set to the projection aligner which carries out 
projection exposure of the image of the predetermined pattern for an imprint formed in the mask using 
projection optics on a photosensitive substrate. It has the illumination-light study system which forms an 
unsymmetrical lighting field on the mask, the 1st illumination light with the wavelength which exposes 
the photosensitive substrate - using — the optical axis of projection optics — being related ~ rotation — 
the projection optics the rotation — the image of the predetermined pattern for an imprint formed in the 
mask based on the 1st illumination light from an unsymmetrical lighting field - the inside of the field on 
the photosensitive substrate - projecting - rotation of the projection optics, in order to reduce 
unsymmetrical aberration fluctuation It has further a rotation unsymmetrical aberration fluctuation 
reduction means to supply the 2nd illumination light which has nonphotosensitivity wavelength to the 
photosensitive substrate to the projection optics. 

In this case, that rotation unsymmetrical aberration fluctuation reduction means supplies that 2nd 
illumination light to that projection optics through that mask as an example. 
Moreover, the rotation unsymmetrical aberration fluctuation reduction means supplies the 2nd 
illumination light to the projection optics from between the mask and its photosensitive substrate as 
another example. 

Moreover, it may expose moving the mask and its photosensitive substrate to a scanning direction with 
the velocity ratio according to the projection scale factor of the projection optics, and the illumination- 
light study system may form a long lighting field in a different non-scanning direction from the scanning 
direction. 

Moreover, the rotation unsymmetrical aberration fluctuation reduction means may amend the 
astigmatism of the projection optics in the core of the exposure field. 

Moreover, the projection optics may be equipped with a lens and the rotation unsymmetrical aberration 
reduction means may make mostly distribution of the exposure energy of the lens of the projection 
optics the symmetry of revolution. 

Next, the projection exposure approach by this invention is set to the projection exposure approach 
which carries out projection exposure of the image of the predetermined pattern for an imprint formed in 
the mask using projection optics on a photosensitive substrate. It is based on the 1st illumination light 
from an unsymmetrical lighting field, the 1st illumination light with the wavelength which exposes the 
photosensitive substrate - using - the optical axis of projection optics - being related - rotation - the 
lighting process which forms an unsymmetrical lighting field on the mask, and; — the rotation — The 
projection process which projects the image of the predetermined pattern for an imprint formed in the 
mask into the exposure field on the photosensitive substrate; As opposed to the photosensitive substrate 
the 2nd illumination light with nonphotosensitivity wavelength - the projection optics - supplying - 
rotation of the projection optics — it has the rotation unsymmetrical aberration fluctuation reduction 
process of reducing unsymmetrical aberration fluctuation. 

In this case, at that rotation unsymmetrical aberration fluctuation reduction process, that 2nd 
illumination light is supplied to that projection optics through that mask as an example. 
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Moreover, by the rotation unsymmetrical aberration fluctuation reduction approach, the 2nd illumination 
light is supplied to the projection optics from between the mask and its photosensitive substrate as 
another example. 

Moreover, it may expose moving the mask and its photosensitive substrate to a scanning direction with 
the velocity ratio according to the projection scale factor of the projection optics, and a long lighting 
field may be formed in a different non-scanning direction from the scanning direction at the lighting 
process. 

Moreover, at the rotation unsymmetrical aberration fluctuation reduction process, the astigmatism of the 
projection optics in the core of the exposure field may be amended. 

Moreover, the projection optics may be equipped with a lens and may make mostly distribution of the 

exposure energy of the lens of the projection optics the symmetry of revolution at the rotation 

unsymmetrical aberration reduction process. 

[Procedure amendment 5] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0077 

[Method of Amendment] Modification 

[The contents of amendment] 

[0077] 

[Effect of the Invention] 

the rotation on the mask illuminated by the 1st illumination light since the 2nd illumination light is 
nonphotosensitivity to a photosensitive substrate according to the 1st and 4th projection aligner of this 
invention, and the projection exposure approach of this invention, although the 1st and 2nd illumination 
light is irradiated [ both ] on a photosensitive substrate the image of the pattern of an unsymmetrical 
exposure lighting field -- the rotation on a photosensitive substrate - an unsymmetrical exposure 
lighting field imprints, moreover, rotation according to the 1st illumination light by the 2nd illumination 
light -- an unsymmetrical exposure lighting field is complemented, and in order to illuminate projection 
optics by the illumination light which passed through the exposure lighting field almost symmetrical 
with rotation, the symmetry-of-revolution nature of the exposure energy distribution to the lens of 
projection optics increases, therefore, rotation — heat deformation of the lens by distribution of 
unsymmetrical heat energy, and rotation of a refractive index ~ unsymmetrical distribution decreases 
and there is an advantage whose aberration fluctuation of projection optics decreases. 



[Translation done.] 
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i) ictuv^^ (4) ±oiaiEtti*&flii«ejiBH*-« 
(6) ©L/>X^©sai4x^;^-»?»j<3D0 

mwavk&intou. Km*** (6) oiRttsn^^: 
<>as. *3Sbjjti4. ^ici -onmmft ( i l i ) /t*^ 
T-y'^^ (4) zmwriittb* ««?3t^iK (6) ©i/ 

•3T, -€-tie>U>XlCj3ltS^X^.;U^-(Di!S»Ra ! t>— 

S»Jt*3R (6) 0iRiScD5S£*>£lCfl);Le>n-5. * 
fc. 1 O0RSM3t ( I L 1 ) &*lt*«ffl-T4fc«>. %a 

[0 0 16] 

[?6B^0^jg(D«$^] iUT. *^Bj(DlSg5J53tilg(?D^ 



(5) 



ttfflW- 1 0-5 0 5 8 5 



*5tW*:mm\s1t*><0-T?&Z>. 11 (a) 11, *0iJcdJS 
f£2Sttl£g<D<8B&«fi££*U C(D01 (a) iZTjkfJ: 

0 IC. ^IdiUf 1 ^ )l> 4 ±CD/"?^->^i»J^BgB^-r-5 
3 OOttaggU 1 , 3 A, 3 BtfiftlT^ftTU-S. SttK* 

Hc@*i4<D»jiA i orrh* i l i &mia$n. 

JtaSSP3A, 3 B^e>(i^X/\7©7* hUy7 MC# 
iS3tttCD5RSA 2©13W3t I L 2 A, I L 2 BtffrtfcUS 

n*. ttassgn 14. 2s##asi. u^^;u4±(Dsag^ 

sbi *>t>*fiii$nztsaw^ i l 1 14. mwt¥3k2>zit- 

1 8 (01 (b) #bb) icgawsn*. -erosaw^ti l 

1<D<fc£:T, Uf^JM CD«7j Jfc<D!&BJ§Sjta 1 8rt£>A 
*->CD»#«8*tt3&36 6£ttLT7* hUv^h^i 
^3n;f7X/N7±|CjS§(?flgsi5/J (/3l40!liLI4* 1 /4X 
141/51?) -CK^$n«. JUT. 8IB%¥X6 4>3fcM 
A X (C^tIC Z »«:UJ IJ . Z M iCgilfc: 2 »7t¥® rttf 
01 (a) coatffilC^filCXW. mi (a) CDJEEBICS 

f ;U4StX0x/N7©^S^|SjllX^|BjTS).5. 
[0 0 1 7] — 7j, #Btt*(D#2ggP3 A. 3 BI4. -?• 

n^tist*. U'^f ;u4±©Bgg5j-flj^ig— | C -rs«:i6 
^s-r-siaifjsu^*^T«fiE$nTO€.„ tut, 

U^ 1 ^^ 4 <D - X 7j-[6](D±g|5|CB£B£ tlfc3tilggp 3 A tf> 

e>t*aj$tifciffi^A 2©isi§3t i l2aij. a^o^-y- 

U>X9A£igjfiU SSWttl L 2 ACDA*t^|SllCSc=tU 
T$4l9;S*lfc^«:3Sjasp^-r-55 5-1 6A|c<fcU 
T^»CS*f$nTL'5 L ^;U4±©BgB^^i 7 (01 

(b) icmjt^n*. U5 L ^;U4 03+X^ 

[°]©±H|J(cBES$nfe3ti®gP3 Bd^&iaiSnfcifi^A 
2<DB3BHtt I L 2 Bf4, 3>r>tU>X9 B£jgj§ 
U MM* I L 2 B CD Aft7JAlCttUT£4ift«* 

umi&m&GTzs.v-i 6 Bic«kyT^icixw$tix 

5=-^;U4$SiaUfc.^W3t I L 2 A, I L2BIJ, 

[0 0 1 8] Cl(Di§£. I L 2 A4HBWJfRl«1 7 

»t«HW3ttl L 2 BOB8IHSl«i 914. -ttl-ftiJHWft 

W3t I L 1 (D;£f|A 1 &tfjg93tt I L 2 A, I L 2 BCD 
A 2 14. 7 * h U h Ollgji&tf 6 CD 

WWoHHIcfcy collar. &haii45 
3 0 nm*l, jfiJSA 2145 3 0 n mW±CDi£££atR 
f«. ft*ffl©JHWJfc I L 1 <hUTI4, 7fc£E5>7*<D i 
*S (Sft3 6 5 nm) ^f>g^ (M4 3 6 n m) IScDJif 
tt. A r FI+->7I/- tf-'ft (JJ5S1 9 3 nm) *>K r 



FI+-/7I/- tfft (jKK2 4 8 nm) f©X+->7l/ 
-If*. fe-5l\(4ffi^au-+f)t^>Y AGl/- tfJt©S5 

[001 9 ] fflHtt I L 2 A , I L 2 B I4JS&* 

TSa^Jt I L 1 EiSl*t>©JW*Ll\. 
J»W*IL2A. I L 2 BtUTtt, 7* hUSttMC: 
!S3t 5 tt«c I 13MIT. *©i»iR**</Jv $ I \ £ $ |c|4 JtaS 

»£UO0iJ<fcUTI4. WtfHe-NeU- !fa»& 
©U— tftr-A (»f6 3 3 nm) H^lf e>tl-5. 
[0 0 2 0] fcfc, iS6J*¥&©6!jtt<hLT. 53£-*># 
^AftfiffljnfclgS, CttS>©fl|#l4. <S«j2*imJU 
±©R^^ifigT I t)^J:^J©^tl!ftJR^*Wr•5(75T , . BBSS 
*IL2A. I L 2 BtLT. 7yft*» (H F) 
©<t^K&£f"JfflU;fcH Flfc^U-lftt (iRfi2. 4~ 
3. 4 /xm) ^*ffifflUTt)«fcl\„ *jfc. S^JU^OD* 
^^57sl4. T«^*#A.-ri>*/t«>. 5 3 OnmOi 
COfi^ifiSTt) 1 %/c mlCifiOftij&iR^W-r-SfcCQ 
■b*U. CC0«fcp^: 1 %/c mlcjfil\^tqsiR^$^-rS 

UT»4+»WJaiT*S. C(D«fcp«:!S^3t<DflaiiUT 
14. KM (H2 ) »fi*b©C^ (®R6 5 6. 3 n 
m) if"\iJ9A (He) «tf5S)&> £ © d$g (jK^5 8 
7. 6 nm) S|*t«lf&tia. 

[0021] jfcic. u?^;b4i4^S7Jisi (x^-iaj) ic 

-SSgT^i* gfiflO X 73 ISJSZX Y TJlRllcSkiftPltg 
^U^^^-i?5±lcKS$tlTlAS. 

WBcw-aBstiTfe y . -t© u— sf^F^ttroansfiics 

^l,^T^^^;^^7 i ->^5C0ttg*^SJ^»^nTl^•5. $ 
Zt, U5 L ^^4±(cl4^xy\7 <tc0jaS^t>-efflC7)U^- 

*;i/-?-*i i a, i i B*jErtsnTi\*. 

[00 2 2]— 7J, ^X/\7l4=FEI*© l 7x/\^^'^ 
^UT^STJIoJ (XTJIal) iC-SiSgT^ilieS/J^X 
>'^^-> J 8±|cKg$nTl>-5„ 9IAAf-/8li 

SS3ti*f^,t:*^yi§t-A7 i -v7 r • 7> K • ^ + 
3C(C«t y ^X/N 7 ±©#-> a h««lC U^^^U 4 (DA 
*->©(*#»fclE5Sft*. ^aS3tK!lCI4. 
;l/4^+X7J|6) (XI4-X7jI$J) ^. 0iJ^.l42gV R T 
^*^>$n-5<D<!:|ElSflUT. ^X/\7^-X7j|Sl (X 
I4+X7j|o|) lCiSg/3 • Vr (HU&fcfem) + ^ 
>$t%5. -7x/\7±<D=&->a-> haii?{|C[4t&S 



(6) 



1 0-5 0 5 8 5 



^ffl^I/\7-^12A, 1 2 BtfflsdcSftTO 
[0 0 2 3] &IC. *0J<DSJftS!lftlC^OTittBflr-5. 

an . 3 a, 3 B^e-e+i^niSB^jt i l i . i l 2 

A, I L 2 B#«tlS<S*l-5. |3l (b) IS. U^*;U4 
±C0!8f¥i}t I L 1 , IL2A. I L 2 B©B3WSIls{^^ 
U Z<D®^ (b) lC*5CNT5ti®g|Jl ^e><DSSW5t l L 

11*. &&K^xe<Dmtomtz>4-)\,v mm) t& 
2 , n 1 , n 2 zmAjtz&jjm<omf9it&® 1 8 cim* s 

ftTl^. ££>i§£. RflSOWJS&SBiyMSigE 1 4©>t»,DP 
2l*Jt«iAX|C-aUTU*. 3taS35 3 A^f,© 

SSBflJtl L2Aia!S^iai 8<D-X2ri6)©.SL 1 , N 

i *^A:^i?iSA»e)S^mijoD^s$«oBg^^ia 1 7 ic 

3t2SSP3 B 88 |l§ it | L2 
BlilBB^^lStl 8CD+X^|a]O^SL 2, N 2 £&A,;t*ifi 

i?ts^e>s^wjo#jf$«(Dsgw^Jss i 9 icssatsn-ciN 
bps. fisw^iisi 7, i 9 itmmm&tfi&xtiitD 
hvmrsi 8^«^uxRjB<D*3ansB^iai 4icieu 

ifcmi 8 zmmisfz&Bjix i l k sixssw^iai 7, 

1 9 & J £tl?tlj&i&L7zmVl%; I L 2 A, IL2BIS. 

[0 0 2 4] SI (c) IS, 03L/\7±(Dmwm&2:m 
U C©@1 (c) iCfclxT. JSg?5t^S|R 6 

JB0DJ53tSHl{2 1 IC-5X/\7(D7* h-U-x^. hlz^3t14 
<D®Wft \ L 1 XXSUHSftTUS. C©i§£, RJE(D*f 
SftS5t^2 0Ot*P 1 lift«iAXlC-&UT^-5„ 
-£"LT. -e-Ofi^ffJOS^ilS 2 1 £**5?LTR7£(Dfj 
5»lS^isS2 0|cifiOBSB^fiHU$}BB£-r^^B^lit2 
2, 2 3(C-?-n^tl^X/\7 07* KUv^Mcl^Jt 

&<omwft I L 2 A, I L 2 B^w$nxi>^.„ 

[0 0 2 5] HIS. ^aS?tl^lCliU5 L ^^4±T|5je 
24lfclCi6l^i|S#!8BJl$n. &i|Jft^6 rtwu>xt> 
SI*EiittftWcBaBJ!$;h3fc4«>. U>XODJi«lcfcit* 
B8Bfljt<DX^^-OP5iRSglilHlfemiCifiO^«l: 

3tiga53A, 3 Bd^CfhfnCITO I L2 
A, I L 2 BIC«fc5U^^;U4±ro.^B^^l|{i 7, 19 
O^ftffiSli. m$hWiWf&®. 1 4 R^BJItt I L 1 lc«t 

[0 0 2 6] S^. U^^;U4±©KBfl^l|Ji 7, 19 



£jgiaUfc!SI!83t | L 2 A, I L 2 Btf^tt-fn^x/N 
7 ±<D®Wft® 2 2 , 2 3 icfcPJHWStt-Stf, jRM% I 
L2A. I L2 Bli^X/\7±©7* hU-^hl^® 
ftttTifcSfcto. ■?X/\7±|CISL^5 L ^;U4±©BS^^ 

TliJtagg)J3 A, 3 B^t>(DB5W3t I L 2 A, IL2B 
£ U^^;U4 t-5x/\ 7 <tO&a^t»-li-(D^:«>0D75-f 

^^^4(DX^lS|(DKi«SJ(D±^|C, TTRSSTI« 
tel^077'f^>ht>'t1 3A, 1 3B$KI 
U 5tjSgP3A, 3 Ba>e>*tajSft;tSBf8tt I L 2 A, 
I L2BS. -tn-6tl^5 : -^;U4±©U5 L ^;UV- 1 > 1 

i a. i i &wmm2titziiLm&'£tsmmzmm-? -s. 

*LT. 7^-<>>h-fe>-tH 3 A, 1 3 B£flH\T£ 
X/\V-*12A. UBil/fm-^iiA, 1 

1 b tofttmrmsTrHztkm-tz. c ©tafias. 

77-f»ht>1M 3 A, 1 3BIJU 
ff^7-^1 1 A, 1 1 BiilA7-j) 1 2 A, 1 

2 B££-5-n-€ r tt»j*icfc{u-r-5:r'^-f >>h-tr>-y-r 

[0 0 2 7] ;*|c. *%WoHJg©JBBgODm 1 ©09<Og 

0 1 Wt2iBP3 A, 3 B^e>©5BW3t*U5 i ^;l,4 0DT 
SJffiiJ^e. itiSfig?*^ 6 IC A*f $ 1** «fc f> |c«fiE U7t 

7lcfcl\T01 <h«*5-r*g|J^lcis|5|-^^ WL ,^ ^. 

[0 0 2 8^07 ( a ) IS, *^JBffi|(DSg?S3tSSO 
iSBg«j££7jxU (a) (CfctxT. U5 L ^ < /U4 

©TSJ©£:&|C01 iPiailz®^A 2©SSW5t I L 2 
A, I L 2 B£jmiJir-55t3gBP3 A , 3 B#i8SS*lT 
1^-5. 3til8P3 A^e>OSSB^3t I L2AI3. 3>7 i >-y- 
U>X9A^SiSU SB^3t I L 2 AOAW^|6]lC*tL 
T£Ha£*lfc57-3 3 AlCctiJT^lCSWSnTlftgJ 
5t^6 lCAI^-f-5. t>p 1 -ZHOftm^Z B^t>(D^B^ 
3tl L 2 Bt,|s|«lca>7 : >-y-U>X9 B^SiaU. fip 
B§3t I L 2 BCQAI^ft|C*JLT&iS3tt£:5 5-3 3 
BlC«tUT^lCSW$nTiSg57t^6lcA«-r-5. JU 

[0 0 2 9] @7 (b) I*. l^^^;U4±|Ct3ltS!!SB^ 

«iss^L. cos7 (b) icfco-c. jtasgpi 
.bib^^ i l i is. nmcomtoMWfsi® 1 4 0D^jf5icrts 
-rsft^sjro^w^ i 8icst*a?nTiNs. -7?. 

3SSI53A. 3 BA^O-tn^-'nODSSB^Jt I L 2 A, IL 
2 BISU^/7;U4±|CIJiS|=t$n/«£t\^. 5^-3 3 
A. 3 3 B-UftS&£tfiiJ&[sttlsT2ji,4±<Di&SBV)ts; 

mwmmi*. tti^n^mx'7aT^m^(D^mm ^ 7 

A, 1 7Btft§. SfoT. S 1 W<fiJ<!:|H)^|c, 



(7) 
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[oo3o] *&m®ut. ^^-^® j f>ies±o$iji*j^ 

6 A, 1 6 BS:KST#/<£l\ti^lcWJ8!l/<£^;iT**„ 
fib. *mm<D®-&US. : 7-3 3 A. 3 3BlC«fc-5SB 
B3tt I L 1 <0^7UOfc«>lC, U5 L ^^4±lC*3(tSHg 
Wit I L 1 OflMMtiSl 8«t, #2fiaS3 A, 3B^€>© 
SaW^£ I L 2 A, I L 2 B IC J:*{5JaM/«Ei!PB^lsS 1 7 
A, 1 9AiOS#4, ^StlCESiJ-T-SCt^BlfC* 

[0 0 3 1 ] ;fcic, *56WlwcfcsHJS(D»jfig©m2©^J 

a U^*?Uffl UT«:f?3t^F*)lCltSlal«3P}^X^U 

fc«fiJcli31 1 <Dmtm&T&V. @2IC*3OT-01 £*i 
JC-TSg|J^lClip|-??^«:#U. ^©Ettffll&IB^Brr 
<5. £E*5. 0 2-CI*^X/\X-7 i -v^(iaB&UTlNS. 
j 0 0 3 2 ] 0 2 li. *0iJOSf5S3t=glBro«lBS«fi£* 

A 7x037* M/-^ hlc®3ttSW5fifiA 1 OSSWJt I 
L 1 (4. UU-U>X4 1 icfcUWrttSibttU. SBUS 
* I L 1 ro#S&fCttUT&lS£nfc<I3ttf-A77',l 
*4 2£2!i@UT=l>7 r >-y-L/>X4 6lCA*tr-5. «: 
S3. *ffil<D!SW3tl L1MI L2 AJi-^tX-enPd^ 
lCit*SlfiiftUT<Iftlf-A77''J 4 2 (CAWr-St) 

roi-r-s. t)p-^o3taigP3 A^e.wiusn/t'jxyN 

7l©7* hL/^ hlCl^5ttt©iS^A 2 ODSS^Jt I 
L2A*>. Vi'-l'>X4 HZ£V¥-mt3H£ti:iJ, m 
I L 1 <!:il^rS^|fi]^e>(i5te-A^^U v*4 
2 ICAS-fT-5. RSWft I L 2 A(4«fttf-A7>7'J 
4 2£i3ifiU 1 /4&J|*S4 3$gT5 5-4 4 fC<fc 
USWSft. Stfl /4&||*fi4 3£JgTSa*<tLT 
ffit3fct'-A77'J-;/:S>4 2lCA*f-T-5. Sd3t<t/«£ofe 
{BE* I L 2 A|4fii3tbf-A*7',l-;/*4 2IC«fcUK*f 
£*V 5tlCSiBflurcS8W3t I L 1 nx«HBMft I 

L 3tL/T3 >7 s >'tfl^>X4 6 iCAS-fb, a^^U- 
U>X4 6«:^LTU?^;U4±lcS«$n-5. 
«ttfc*-A77'J 4 2 i:3>5=>1f U>X4 6 £<D 

rmzit 1 /4;«s«4 s^taasn, mmut i l 3 wit 

aflaftCttfflTUT-^IMlClHMStl*. CtXCt^ 

t. u^*;u4(o/^->©;&Ajottt:boT<ba»>Mi 

[0 0 3 3] l/?*;U4©_tHlCtt. S&UTttJIBK 

4 8 #BBS*IT*SU. 
U 4 8 IC «fc ij . KB* I L 3 I L 1 » 

t^JHWJt I L 2 A©^^^4±icte(ts-€-n j € f nosa 



(b) 14. a0BU4 8©¥®@S*L. COD0 2 
(b) CfcOT, flt»«U 4 8 0>**f::l4. jS^AIOD 

8I4U?^JU4 .tifilSUTOSfc*), C©Jt^7<;U^ 
-5 0OJB«*ftfl>JtUf^ ^4±<OB3W3t I L 1 CD 
■MM&**E1*«. «au 4 8±©#i£7.< 

J\r?-S OCDSfclC&fiA 2(DIMX I L2A£g#?fl*| 
lCSiaf-5¥Rtt©Jt^7-<;l/^-4 9, 5 i^ite. 
ftTHft. tux. %4*7.f;u^-5 o&uc%¥7<rj|t 
*-4 9, 5 1 l4£*fc£LT#!AAX£*,fc<»:-f-5Pjra 
aa*JBfiEUTfcU. C©RffJ1»3l4U5 1 £JU4±GD*i 

[0 0 3 4] cn6©Jt^7^ — 4 9~5 1 
SnfcWHftU 4 8*ilifiUfeB9W^t I L 1 , I L 2 A 

LT7xy\7±icBs^an-5*<. rnvmi l2a»47x 

M7±(D7* hU"77* MC^JS3tttT'*-5^:4&, £x/\ 
7±ICI4ft^7*JU*-5 0<oa$ttT«j£$tl-5U5^ 

;u 4 ±©/X^ - >ot« ra-j&ta n-s. 
[0035] %aai fr&ttuistifcjfBa* i l 

1 i3tai3IJ3 AA>£,8*ai£nfc!«H¥13t I L2A<h$|5]KS 

fiFiciaiNSBa^ic^oT, aaau^ist<«t«. * 
fc, aaaoj: 3 ic. aajgm 6 ©?w#©sfta?B#a 

[0 0 3 6] a 2 (c) !4. S^iltibTnMttcDS 

?Sl?SU<D««iS:^U, CCDS 2 (c) (CfcUT, ^If 
S'J4 8 A(0^*»C(45t3®SP 1 XPt><DSBIB}t I L 1 £jg 

R5ffltt<D3t^7 -f - 5 0 
n. «IfiKU4 8 A±0^7-f^-5 0 A(7)^IC 
jj&gA 2 (DSSB^^fc I L 2 AfcjgtKMlciSiS-f -5*R##; 

^7-r;i/^-4 9 A&i/HBEtt©*^:?^ ;u^-5 i 

A*<Ulte,nTU-5„ cne.C05t^7-f 9 A. 

5 1 ARtf5 0 A©JI$«I4. ±{*iUT3tl4AX$:^,D 
i-T-5R?f$lll3*?l?fiJc-r-5J:p|cl5S:$nTl\-5. 
Ti4, U5 L ^;U4±T-R5IB«03t¥7-i-;U^-5 0 AO 
rtgPW/X^ - >«f»|g%¥a 6^LT-JiA7l ICS 
B3tl«. «K3tip»6ICIiHff3t«bAX*«t> 
<C»<i: L/TEe«fi;OBSWx^.;u^-^jg$tl. iR^S 



(8) 
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[0 0 3 7] z.<D*.5\znwtx<DmvM*&a>w& % §fn 
mM**j\,*-£i*xz>itit)izit> jtassui. 3 a. 3 

B R(D?Jii? & y €ffi«>Tlg$t^Jfj«ic^-r-5^g^* 
*-5 o A<DJBtt£gtfe-rftliJ;<. L^fc^-ftic&ft 

i+TSSlC^B^Jt I L 2 A©Jt^7^;U^-4 9 A. 5 

tO 0 3 8] /.Cfc. 02 (b) <03t^7^;U^-5 0 «h 
UTIi. AfrbomVWtl L 2 AlCfcff *aifi 

*©tli3RS^y/J\$l\t)C0*<. tfti?ft^56 6 ROEE 
#*tffrJ5t JHWx*^- iz J: *iRM£Si£ tSMf -5 
J»1^<SSUU„ »S?Jt^5R 6 OJR^ffiib 

9. 5 i ©®»ii. yt^y^fju^-s oicfl-ig-rsRrt 

it) 1 /2JU±T*-5Ci^M*UlV 
[0 0 3 9] 0 2 (a) <D0!llCi5(,\Tli. ?SS?gJ 

IJ4 8(iU5 L J>;U4<D/X^->®<Djfifi||cSSStlTt\ 
tSif^y 4 &&\s?-2)i,4<DJl# — >S<t^a«: 
0lclEBUTt>J:O. fcfc, 02 (a) fcfcixr. 
5t^iUTH5ttf-A^ry ->^4 2 CDttfc y (C 2 

igjST^-r ^ p ic^-f ^ p y ^ » ^— d m t \xt> 

JU\„ CKD^-f^p-f y^£5-DMIigSB^3t I LI* 
iSiSUTSSfUfct l L 2 A$S«r*iS^SJR1±$^U. 
CftlCfcoTWSBJltt I L 1 , I L 2 Aa«att£<£/iE 
5ft*,, CKD&lCllil /4jfiSffi4 5IJ?IT« 

[0 0 4 0] *f6t»©igg5K3tgS©ltai(DJB!!£ 
ro^3©ffiJlcOOT. 0 8*#SgUTitt^-r-5. 

ii. 1 ^>©Jtas^it*(afflu. «mbjms*£$x/\&© 

Bl:»3t«*»ltittOT*U, 0 8lcfcl\T01 Xli 

£«B&!T*. 08 (a) li, *0lO&|BS%a«<Z>fiElft 
«fi&£/jcU C©0 8 (a) lefcOT, 3tiBffllAA»€) 
HttSftfe?* M/y7 hfC«UTS3tttOSSW3t I L 
Hi. □>r>1^l/>X4 1 CJ:U \sT2Jl4±izmm 

£ft*„ coig^, gggj% i l 1 <ol/5 l ^;u4±t<dss 
WttfcJBttfi. HioffiWflifti 8©ctplcs^ff$icii 

±0n&0*ttlRHflME£ajBl,£!!B9i3fc I L 1 (i, & 
»***6*a«U 0XA7 lCifiJ£LTKg;*ft*;ig 

[0 0 4 1 ] 08 (b) 14. jgttlfi7 1 tf>¥Sl0£7n 
U CO0 8 (b) ICfcOT, jgft«7 1 Q*ibf25fcM 
AXC— »LTO*. &3fct&7 1.©«f*»ttt. 3tt4A 
X Y£ffl|cAl\£ljtt|50)aatiU* 7 3 #15 

ttSftTfcy. *waiSfll*7 3*Ht?J:5C«3t»7 



2#RttSftTl\*. ig}t«7 1 (CAWDtlBM* I L 

1 ©RT«ja^«7 3*a»ufcfi8wjto5*^x/\7 
±iciRMSti«. cfticty, £x/\7±icii, jgjtffi 

7 1 ©aiS^lst7 3|C3PjJST,-rsU? L ^;U4±(JDY^(S)|C 

[0 0 4 2] *«fcj:fttf. Jftl&jfciMRe&ax/Wi 
©IBK:ajMR7 1 £Kl7**:l7T. ^{f^AlfOffm. 

<nis\mmfot};f&m<D/t* - it^e^T^ *„ 

>t'(t€:ffiffl-r*/t», 01, 02. B7g)ft|Cj±1ftl,T 

«*TBBB©fMKt>S«lC{7it*. fcfc. *fcmi1 
0(03t3gaPl A^€>©B8W5t» L 1 WUUf^Ma 

6 <05B«O3tX^.^-©i!6iRffig^|iHlC^ 
WlAXOjgyiclsUEttffr.h&y. 5B«<Di»^?BI^5iS 
S?3t¥jfc 6 WiR^W*^«tMlC«IA 6ft*. 
[0 04 3] jgftffi 7 1 £ AftjftA* 

aa«i«©?E«*R3t«i«ic^*jii-T?B« 

lC«ricLTt>«fcO. aiS^HJ 7 3 

^MW«g^mifiail«l«S:ig^tffi 7 1 (DfttoyiCiJlTT 
t>«fcl\. «cfe. 0 8©ffiIIC*3t%T, MIMtttt&T£x 
/N7<hjg3tffi7 1 <hO0lcWI»<DSBWd 1 itSS^T, 
iS3ttg7 1 lC«k-5-ir5Hcj;-3T , ?x/\7±T©BaWtj' 
e.**HBt«:*J«^|zfcl\TI4. 09 (a) T^tct!) 
»C*x/\7±TOS3tJt©ffi^egnSt (NA) *sin fl 
<tf*<t. U'5 1 J>A4©^ifiXliU5 i ^^4«fcy t,3ti® 

fflyou?^ji/4co«a<ft«ic. 09 (b) -e^-r«fcp<E 

•>x/\7©ii3t«|iatfta^:«ii5S8 i 4>*«c. (f d R 
= 2 5 • d 1 - tan 6 (/3li1 /4, 1 /SHOtSK^S 
30 ©ig5t^8 4, 8 5$^(TfcgP«8 0$ffig^-*i: 

<to. 08 (a) (ommyt i l i amnt^ts 

4, 8 5*^<^138 1, 8 2, 8 3$aigt5. 
[0 0 4 4] -5-ftlc<fciJ09 (a) lefcOT. (SdR 05 

©**cfei\Ttta*^<$ftr. «3t«7 i©aa 

«SHE 7 3 <ka3t» 7 2 <h<E>ig#£&g 7 A t 7 B t CD^ 
■ffil7COl*|:Ell/. ffe^©ajt*8 4 ICOUT 
t)|5)«llcf ftfi. jg^£*g7 1 IC.J; -Squats ;:€>/«£ 
l>. a3t^8 4, 8 50if§dR X>*RJf;CDgf5^8 OOilg 
«tUt>+#/J%Sl^d. 08 (a) 0«K%^6 01/ 

>Xl4BS0«W»CSBWSft, HIE&tttt&iRSKIft 
li+»lC|giE$ft*. 

[0 0 4 5] ±MOHJg£D»$tllC*3lt*fS^^ 

s. jt-f. fiawx^;u^-ic«t*iag^cD±s*it» 

■T*o 01 WffiJlCfclxT. !SS57t^S6(DU 



(9) 



?#&W 1 0-5 0 5 8 5 



•troU>X©¥S^|fi]0386SISr r. A X<D[a] U Wft 
g£<f>, ±Jtft4)iBK4tt>€T (r. <t») . lx>X05* 
iJ(D£ii!SiR«£a> (r, <f>) . tBi£3*:g£ 
5 2 T/d r * + (l/r)-d?/d r + ( 1 /r 2 )- 5 z T/3 0 2 +o>(r,0)/>l = O 



ffi*x (r, <*>) T-©fyiess^fijCii. &sw!>«fc3icfc 
a. 

[0 0 4 6] 



[oo4 7]^t, ccki ) ommmxmttm< 

[0 0 4 8] 

[»2] 

oo oo 

T(r.0)= X Z C in - J 0 (Pi„- r)cos(n^) 

oo oo 

+ X X s i n ' J o<P i n * r )sin(n 0) 

i =1 11 = 0 



[0 0 4 9] CCT, J n (Pin- r) It. fl9$n% 
(n = 0, 1, 2, •■•) (&^y*;U(Bessel)BMST % p 
jn ( i = 1 , 2 , •••) tt, J n (p in " a) = OZ^fr-f 

m\i-vg>z> 0 sac ini^xticckyssti^o 

[0 0 5 0] 
[»3] 



C u= [ [ (o)(r,0)/^ Jo(p m • r) • cos(n *) • r d r d * 

/{(tt/2)- Pi » 3 - a 3 [Jn,.(pi„- a)]*} 

[0 0 5 1 ]{§U n = 0<Dch$(D*, <£&Cj n f*;*it [0 0 5 2] 

lcj:y^d6e>ti^ 0 [gfc4] 

C *»~J J (a>(r. <t>)/X) • Jotpio' r)« rdrdtf 

/{* • p io a - a a [J,(p l0 . a)] 3 } 
[0 0 5 3] «»s ln id:;^ic<i:tja$n^o [»5] 

[0 0 5 4] 

S i„= f f (6j(r,#)/^ J 0 (p Jn . r)«sin(n*) - rdrd^ 
/((tt/2)- p ln >. a a [J n+1 ( Plo . a)] 2 ) 



[0 0 5 5] ;*IC, Sg»ff(D±^(CctU<t*cr);*giCDiR 
frT (r, <f>) *JUTOJ:5lC«/J\2«i*T7-Ux • 

^*a»«(B-r*. cct, ±»»g>smmm&t (r, 

©JIMftttTCT, jgar(D*iilimmT«* 0 
[0 0 5 6] 
[»6] 

oo oo 

T(r.«6)= 2 X B in - r i + " • cos(n 
i =0 n =o 

[0 0 5 7] {IU i = 0. 2, 4. 6, -T-fcS. C 
CT\ i=0, n = O<Oii^ro$RS4B00li. 3tl4AX. 
BHSr = 0TO±SiSg(CttS. Smg<£»fiIlCg 

ohntib i w^icfcit^jai^^ « i Rum 2 <d 2 oroit 

K«CJ:UKWr*. mi «DIUMlTttU**.lkJb©B 



OIt^T'lin5ffltt<D!SW«lU€:^fflt--5). 

6 #88) . U>X6 1 ^fga«(4 0 mm<aR@j?fcCD 
53ST&-5£-f-S. 5^<Dlf^, 0. 0 1 

3 8W/ (cm - "C) £7t. £x/\7tf>:7* h 

\si>xv-zmitT&&w t x i cDsswjt i l 1 ic*rr-5u 

>X6 1 OSiqSJR^^ 2%/cmtn. 
[0 0 5 8] Si OStfUJiJlCfcUT. ^ftb^ODfcto. 
@iroi/f*;MlO7 0mmX1 6. 8 mm(Og53 Jfc 

eMMMh s^itcjBw* i l i *<fis«$n-5^ic 

^OTItSll-£. ±C (¥4 3) . <&4) . 

&tf (&5) £>a?iP.aiK2a) (r, <f>) lCS^Jf$03i!5iRX 
*;U*-ffig£ftM,T. (& 2 ) IZftAU 

[0 0 5 9] 0 3 (a) It, m?ilK<DmW%i®fizmzM 



(10) 



1 0-5 0 5 8 5 



co@3 (a) icfcoT. 01 (b) <Dmm 

15S 1 8 L 1 , L2, N1, N2IC^-r-5^L 
1'. L2', NT , N2' Tffl£tt£JUj Bam® 
fi®6 2<^>S2^(fiicDi|SDXSU:|^S^[S|<Di|SD Y£ 
-en-em 6. 8mm, &tf7 OmmttS. tLT. 

-eoBs^nse 2iiss^ i l i iz&v-mizmmsti 
a. 

[0 0 6 0] 0 3 (b) JU±tf>ft3«eHI*0lCg|L 

s^ft^oji&x&o^s^A^sgj&ty^a-r. c 

©03 (b) iCfcOT. 1/>X6 1±0DSS^^jgS 
MO. 0 2X:m<Dm : &&6 3 AT**. &*3. iSgtt* 

8JJ-f*04 (b) -06 (b) IwfcOTfc. «*4&tf«| 

** la-e-ti-en jttai axa>p, ^a^ifij^©ffisi x stx^^ 

S^I»)^(DJESIy$au. IS£*!g6 3 B~6 3 D lifcffilj 
a^MS'JlClSi^oTffiT-rS&gMO. o 2tg<Dl?;& 



[0 0 6 1 J CCH3 (b) ODJWA AX 
SS^[S]|CSl\ffiR«<D^iS|S6 3 AlcjS^-J:e.|z. U 
>X6 1 ±©S?3 ?fJ©fi8^1St 6 2 iCBSB^Jt I L I tfjR 
WSttTU-Sfc'ltWii^li. 1/>X6 I ±0D3t«|AX^ 

-5#, #I*AX (x = 0, y = 0) ©jfi<T(ilH]^« 

[0 0 6 2] gilt ±ffi (g*6) IC«toT. 7-'JI 

•^**a»seaL^jaaB in $^L. ensicn (o. 

1. 2, ••) . ISMHIC i (=0, 2, 4, •••) £SxU. 

«2~*4 t>an ii5i«iciR»Bi n (D<i^$nT^ 
s. 

[0 0 6 3] 
[SI] 





n=0 


n=1 


n=2 


n=3 


n=4 


i=0 


Z 2045x10-' 


0.0000 


-2. 4550x10"* 


0.0000 


1.4452X10" 7 


i=2 


-3. 4345X10- 4 


0.0000 


6. 3423X10" 7 


0.0000 


-3. 34B9X10-* 0 


i=4 


3. 9964x10" 7 


0.0000 


-8. 451 6x10- 10 


0.0000 


3.1901x10'" 


1=6 


-3. 6972X10" 10 


0.0000 


6.5133X10- 1 ' 


0.0000 


H.4221X10- 1 * 


i=8 


1. 8007X10" 1 » 


0. 0000 


-2. 6076X10' 1 * 


0.0000 


2. 1215X10-*° 


i=10 


-3. 4325X10" 17 


0.0000 


4.1520X10-" 


0.0000 


1.7302X10-" 



[0 0 6 4] ;*ic, 0 1 i omizmzsg. yt&.& i 

frbV&Wft. I L 1 ICAOXT, 3tiKg|53 A, 3 Bft*>V 
SSB^Jtl L 2 A, I L 2 BIC«tUlfia?3t^»6 0[)U>X 

e i £Js*fLfc«$©ftiMSJii£i*-r. %aev3 

A, 3 Bi&^CDSBWft I L 2 A, I L 2 BOmftiffim* 

JOO6 5J04 (a) (S, L/>X6 1±©SW«M 
tpU C(D04 (a) IC*S(,\T. HB9WME6 2tfift&? 

SRrtT"SS^MilE6 2 lCgr^4a<Z)(5«*flJB0DBS^ 
nliSE 6 4 A , 6 4 B IC-tft-ftlJHW* I L 2 A, I L 2 
Btf-^ICSgfrfSftTl^ilf -5. C<Z)i§£. fX/\7 



A, I L 2 BlC«-r-5U->X6 1 ©qRiRx^U^-ggg 
€IRMR1«6 2 |C*5lt-5SgBJ# I L 1 iCttrSWRX* 

[0 0 6 6] 04 (b) IS. JU±<Dtt»^*0lcaU 
£t>0T&<J. CO04 (b) IC330T> U>X6 1± 
©3t$<lAX«^i:t-S|S)^RttCD^igJ8 6 3 BlC^r 

<»6) lC<toT. 7-iJI • ^+J8IExJgggurcJ5»B 
in^itSL-^S* a 2 IC^-f. 
[0 0 6 7] 
IS2) 



(11) 



ttfflW- 1 0-5 0 5 8 5 





n=0 


n=1 


n=2 


n=3 


n=4 


i=0 


4. 8298 xlO" 1 


0. 0000 


1.7294x10" 


0. 0000 


1. 4426X10" 9 


j=2 


-3 0498X10" 4 


U. Ul/UU 


D. 4a/|X|Q 


0.0000 


-1.4191 XlO" 1 1 


1=4 


-2. 5533X10-* 


0. 0000 


-1. 8367x10" 1 


0.0000 


3. 8396x10" 4 


1=6 


6. 3606x10"' 1 


0.0000 


2. 5913X10" 14 


0.0000 


-4. 71 91x10" 7 


i=8 


-6.1809x10-^ 


0.0000 


H.5972X10" 7 


0.0000 


2. 6709x10-*° 


1=10 


2. 0495X10" 7 


0.0000 


3. 4B75X10" 1 


0.0000 


-5. 6051X10"« 



tO 0 6 8] 03 (b) &tf0 4 (b) <D*tl?n<D± 
^OiSg^*J:tR-r*i, 0 4 (b) ©iSS^ro 
^*»^U|H)eS4«;(C)fi</«toTl\-5. HIC, si 
2 i^itRL^li^. i =0, n = 0©if^©IK» 
B00« BPS^ttAX (r = 0) TOiSltte. S2 0ig$ 

n = 0T i =OJU^.©iaawffl*t/Jx$tN^<t«. JR 
= 0 lU^O n = 2 ^> n = 4 roJSS B j n (DfiS**'h$ U C <h 
di^il-r. IP^, 01 (D331 ©0iJlC<fcy, mWWt<D!8 

« ic «fc -s «t»,6 7 *i?e> ^mm^ifum^AmiMt. <* n 

[0 0 6 9] ;*fc, ^2 0gt»Wlc-piNTSiwr-5. d 

2 (Dttnwam i (c^-rm 1 ©wcfciNT. rjdi« 

UTStST*. 05 (a) li, SfU3t^6©U>X6 

i±<omwft\ l i roBstJttsis^u. c©ss (a) 

iCfcUT, U>X6 1 li^1 <7)ltS^Ofi^)B(D^W» 
#6 2 (03 (a) #88) £|s)£®g£:ff U fi^lsli; 
*&R£#ORM#rofi8IUMSi|J6 5 lC«ttJ8at«;*nTO 



5. C(DfiSIW^lSt6 5(i. t£&X¥%k6<Dtp,b®<07ls 
TfciBCf-SfcttiC, ^WAXA^e.<DSEl8t^8. 4mm© 

6 5©cfa,C.x6 6li3tttAX*t>flfS©EI«d©iifilC|ft 
SStirus. fcis, fismyt I L 1 ©U>X6 1 IC&I* 
S!5Wx*;U*-a(i i *©f£Jil. R3H«© 

RSW»ia6 50 20©Y^|o)wra<D^L 3, L4 (XIS 
* N 3 , N 4 ) Zm&tftizmX&mD R li 1 6 . 8 m 
m. 3SWtS1s&6 5©2 0©X;£ft©ffi©c5L 4. N4 
(XttjS L 3 , N 3 ) fciMSlfllctitSSgRt DSIJ7 0 m 
m ^'*5. -tUT. 3tl4AXA^8. 4mm©R|*9(Di$ 
iS&£jg(*Sfc«>IZ. 05 (a) <Dj6N3. L 3 £ mSM 

©!6J8IStt2 5. 2mm|CJS:.5.fc?|::8;S;**iTl^. 
[0 0 7 0] 05 (b) it. 1/>X6 1 ±0DR5ffltt0DSa 
f«1IisJ6 5fc'ltA<BSW^£ I L 1 lCj:iJR«£ftTli«*| 
£©U>X6 1 ±<D±#m©£g#ffi£it*U;t*SUI£: 
5KU. iZ<D05 (b) IC*SI\T. 0. 0 2*CSOl|-g^ 
6 3 C IC^-T «t ? i^&^mtiftii A X IC*J UT^ffiiJ 
(C«U«:#^S^|ai|cSl\ffiRtt(DiSg^i^S 0 C 
• ^+fflaSKJUfctRaB in ^3|C 

[0 0 7 1 ] 
[S3] 





n=0 


n=1 


n=2 


n=3 


n=4 


i=0 


1.6014X10" 1 


6. 3301x10"* 


3. 3891 xlO" 6 


-3. 3261 xlO' 6 


-6. 5666x10-* 


i=2 


-2. 4216x10"* 


-1.0578x10"* 


-3. 7951x10" 


5. 5797X10"" 


3.0172x10"° 


i=4 


-2. 8996x10" 7 


4. 9472x10"* 


7.4108X10"° 


-2. 8098x10-'* 


-4. 5946X10" 1 * 


i=6 


3. 6629x10"° 


2.0428x10"* 


-6. 3917x10"' 


3. 1792x10- 17 


3. 3061 X10"* 


1=8 


-2. 0179x10" * 


-2. 6958X10" 6 


2. 7273x10"* 


2. 8736X10- 1 * 


-1.1 903x10" 18 


1=10 


4. 2277X10"' 7 


6. 8976x10"* 


-4. 7047x10"° 


-4. 0149x10"* 


1.7651X10" 3 



[0 0 7 2];*fC. 01 (a) (CfcOT, ftaSigPl^t. 

©saw* i l i izmxt. k : m&3 a, 3 Bfr^omw 

3tlL2A, I L 2 BIC«tU U>X& 1 £SB*fUfcl«^ 
©»rl(«**r. 06 (a) 12, U>X6 1 ±©BB£ttt 



fJg£^U (a) ICfcOT. 58H3fiiS6 5lcj£ 

9--5&^(0¥RffSroSSB^^l||| 6 7 A , 6 7 B \Z*t\&\ 
SiSSftl |_ 2 A, I L 2 B^-miCfiS^SnTU^t-r 
5. C©i§^ ±xE©«fc?|C. ft2§>gU3A. 3ByO>£>© 



(12) 



ftfflW- 1 0- 5 0 5 8 5 



WW* I L 2 A, I L 2 B(D&Wi8®£RMtt0!SIWf$ 
«lcatott«J:3i;:. fti®gfl3A, 3 B^£SSfrr-5c 
titmmx'tetK. *itl?Wlrc*30Xli, @6 (a) IC 
^r«tp|C. R5ffl«CDBgB^is{6 5O-X^|»10D]I.cS* 

sua 6 sro^roRaaros^^-air-s^nttoDBSM 

SSi36 7 BtfC. -tn-E-'njlWJt I L 2 A, I L 2 B)&* 

sawaft-co-s -tLt, 7*huv*hic 

SttL&OjKiU 2<omnit I L 2 a. il2B|cJ:* 

SW«1|{6 7A, 6 7 BT(0U>X6 1 OUSlRX^U^ 



[0 0 7 3] H6 (b) li. W±<OftftTOtt-|WS** 
0lcaUfct)OT»U. C<D@6 (b) KfcOT. 
*|6 3 DT^-riS®^li0 5 (b) Oi&mKlfHZtt^ 

atfUT. ±IS (&6) iCfcoT. 

[0 0 7 4] 
[»4] 





n=0 


n=t 


n=2 


n=3 


n=4 




3. 2613X10" 1 


1. 9780x10- 


1.8782x10"* 


-4. 41 63x10-* 


-1.4622X10-' 


i=2 


-9. 3395xl0" e 


-fl. 7035X10" 6 


-6.8352X10" 7 


1.8846x10-' 


6. 0409x10-" 


i=4 


-4.7485X10* 7 


1. 9335x1 0" # 


1.1776X10-" 


-3. 2278x10" 1 


-9. 7362x10"" 


i=6 


5. 3763x10-' 0 


-1.9862X10" 11 


-1. 0660X10'" 


2. 8311X10-" 


7. 7335X10-" 


i=8 


-3. 1285X10" 1 * 


1.0210x10-' 4 


4.8154x10-" 


-1.2630X10"" 


-3. 0439X10" 1D 


1=10 


7. 1741x10-" 


-2. 0517X10-" 


-8. 5698x10-° 


2.26Q6X10-* 1 


4. 7624x10"" 



[0 0 7 5] a?3XlXH4£J:|;ia-r-5<!:. 5t«iAX|cfc 
tt£iBg±#* £jS?-|RSfc B 00£W©*8BttCDJ8i& B j n 03 
f&*ta#, a 4 <o«a<a 3 ©filcfc »J /J\$ l\<hfil>*.t* , 
H6 (S4) 0«a0*;P*efta<Daat>*&y& 

as, naaoaaaaowa. aiic^-rmi<D 

fflK:J:<5 U>X6 1 ±lcfcl^^Sg5j-^0DlH) 

a#*tf*a©aa©8ffi;G*/J\a < . a&attffc&JRaa 
»©«a»a#'.h*^. fi£oT, Riffl«0Dfittfi!ilt©i§ 
"I*. 0 2lc*-rilSS©?f$ffi(O«tp|c, Jt*7-f;^- 

3t¥* 6 <D U >XlCPfiiR $ USSacDaW* iCcfc -5 H9J 

ffi**Raa®aHattf::ana< a-r&j: 5 icaa*- 

ftli. £f23fc^6<£U>X±<D!&ftx;M,*-#ffi© 

Ha«»tta»a±u &&ft^<Dw.mzshzi&.m?z 

[0 0 7 6 J fcfc. *HMtt^3EfS3tS0D»f?R?tga 

'^ttea-rsaacbnaicaaT**. coD«tp 

ic. *»WttJ:a©aa<0aaicasatir. *^b^cd 
■ g£ &K Lfc I ^HTfl^ £a y a -5. 
[0 0 7 7] 

**. Iff 2 BW3tliB3ttt»«|c«UTl«*ttT**)t 

«>> aiaw*icj:yaaan*vx*±e!)0a#»»; 

fc«*awa«©/t*->©a£l*#«*tt»«_L©0 

e^wafcajfeaaaaicaaan-s. */t. 91 2 am 

ftl=*uai aa%f;:.J:S|g!&?|:*t&&R%aaa«« 



ffl^UT, Bf£Ba**a&:a3l£a8a*€aiilsfeaa 

X^©aax**4«-#a©Be»fMfc&taar*. g£ 
oT. EJK^«l*«:^x^;u^-o^ (Cefcs ^ >X0 r > 

Maa*Baa0BSaatt&aa;Pa<Jru »a%¥ 
[0 0 7 8] *5fel«OS2©lS|gR3tSaiCcfctl 

»**»*«Ta»tta«±K:a«a*l*. $21^ 

A^->©«#g^ati*. c©*a. *ia*%i*. 
Lxwa 1 4>a*&aa&:a 1 ©aaajscr «aa*-« 

SttttStiLkfci*. 7X*±<oai cDa*<D/t? 

->o«fe*it**e¥ati*. «a**»ictt. v 
x* ±©a 1 oa««aa-r«8i 1 awjtt. a 1 ©a 

H5 * MX 1/ Kb*) lz B a RffJfiSHf £ aar -5 v 

x*±©a 2 <DaiiS£i3ia-r-53s 2 aa%^«f A«r 

*i &tfa2aa%®aa0aaaai*aanic« 
laflaawfMcnaaatfc *%woa i oaa 
s^aa^aaic aajt^aou^x^oawx*^ 
^-»aoaaM¥}itt«taauT. aa^^aoiRaK 

®aai^i4:«:aa%aaaaica44ati-&a i aa« 
*aar4fc»o3t¥», stxa 2 aa%oaaaa« 
»ar«fc«>ojt*a^aitt*fijxst,**. 
[0079] *^p^c73^ 1 acjca 2 4>&aa*a 



(13) 



1 0-5 0 5 8 5 



*±© ^^v-* .tig 2 fisw^js^-rs^iiuicias 

■T-5^3t14SI5±<D»ffii^-^ t<Dfrti< t 

©tt^ttuwicteaiu jK#©?-*©ftg><j?&< tt, 
-sii^icii. sfi2s^#£7;*£xi2Stti£sifi0!)<&B 

[0 0 8 0] ElittffcfciffSCDHJfcfSftfilliS. X 

[00 8 1 ] Sfc. *3gl!8©£ 3 ©iSfBB*gBI;:«fc*l 
I2\ ®5t145<filcMUTS^tt©S8B^3tld:. 3t*JPBg|5# 

«-fcK:B*S*i*. SBIKIStlCcfcy v;*;^7±cDf5|i: 

*»$nS. StoT. !6fStt^cD^>XlCfc(*-5&X* 
^*-(D%iRfifcU>X£{re-«lc;EtiJ, U>X©s* 

stance** u &&%^m<Di&m£W)<b-m.\zm7Lt> 

[01] ( a ) l2*fglB |c J; €.JSgJIS3tgS<DH«50DJf$ 
Bom 1 WPflfcjjrrffiiB&tSfiEEL (b) 1301 (a) OD 
I'T-^ktTWBBBttfcjFTB. (c) 1201 (a) 

[0 2] (a) \**§£BM<Dmi&(DBm<Dm2<Dm$:7ii-f 
BttBlftB. (b) (20 2 (a) OftUnftV C*rWi 

H. (c) I20 2 <b) o?asay©ffijB«y**-r¥iE 

[0 3] (a) (2B1 ©£B©£Blc£&iRs%Bayit 
**-Tfc«>©Sfi 1 ©tf-JEfflcSHT. JtBttJircffB;* 
*i*U>X±©BWBtf£?j*-rjpBB. (b) lifci/ 
>X±©J:*«©BK#*©ltJttS»€jS*-BT**. 

[04] (a) ©lt»«fCJ3l\T«fflSn* 



U>X±©BW«**«-rspBB. (b) I2^-©U>X 

[0 5] ( a ) i2B i v9m<Dmmnvimikws*mGm 
titvxom 2 ©h-jibce^t. ttttttjucttfflsn* 

U>X±©BW«**«*-»PBB. (b) (2-*©|x>X 
x© ±B«©iI«*Mfi©tt»BBfc jftr 0T& -5. 
[06] (a) li-eroH2CDStSCTlCi3l\Tffiffl<*ft.5 

i'>x±©B««**sriFBB. (b) i2-?-<z>u>x 
[0 7] XRwonmommnm i ©bokjem***- 

«B«J*BT**. 

[0 8] (a) f2*&B©*Jt©J£a©ft3©ei«jjtr 
««l*8. (b) 1208 (a) OIXfit^tYVH 

[0 9] (a) l208(Dlias©Jf$)ig<O«iJlC*3t\Tii3t« 
<h 5 x/\<tOia lciaPB^*iS^<Djg3t«lC«t SBB% 
©■5-^U©«iR**-j-B. (b) l2-t£)ig£-iCL^£JU 

xfsu^^tt&ttaicEBraamogrejRrB-r 

[flWOKB] 

1 JtaSSP (Bttffl) 

2 BB%¥B 

3 A. 3 B %B& (Mjtfl) 
I L 1 BB% (BJtffl) 

i l 2 a. i l 2 b mmit omxm) 

4 U?-£A> 

6 &g?}t^3& 

7 $X/\ 

8 £X/\Xy— £; 

1 1 A, 1 1 B \sJ-&)\,-* — {? 

1 2 A. 1 2 B ilAT-i? 

1 3A, 13B 7^-<>> h-fe>-y- 

17, 17A, 19, 19A U^^JkhQBBtttt 

1 8 I*?-* j\,±<DmnMm (B%B«) 

2 0 9X/\±0*a&B««« 
2 1 *x/\±©B3t«B 

2 2, 2 3 ii;\±OI(!B| 
4 2 BJttf-A^XU 
4 3,4 5 1 /4&fi« 

4 8, 4 8 a mm&v 

4 9, 5 0, 5 1, 4 9A, 50A, 51A %^Z> -f 

7 1 BtttS 
7 3 SJg^HS 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record. 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. " 

Defects in the images include but are not limited to the items checked: 

W BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

SPLINES OR MARKS ON ORIGINAL DOCUMENT 

^ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 
^0 



OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



